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ANGIOTENSIN II ANTAGONISTS 



BACKGROUND OF THE INVENTION 

Renin-angiotensin system (RAS) plays a central role in the regulation of normal blood pressure and 
seems to be critically involved in hypertension development and maintenance as well as congestive heart 

5 failure. Angiotensin II (A II). is an octapeptide hormone produced mainly in the blood during the cleavage of 
angiotensin I by angiotensin converting enzyme (ACE) localized on the endothelium of blood vessels of 
lung, kidney, and many other organs. It is the end product of the renin-angiotensin system (RAS) and is a 
powerful arterial vasoconstrictor that exerts its action by interacting with specific receptors present on cell 
membranes. One of the possible modes of controlling the RAS is angiotensin II receptor antagonism. 

10 Several peptide analogs of A 11 are known to inhibit the effect of this hormone by competitively blocking the 
receptors* but their experimental and clinical applications have been limited by partial agonist activity and 
lack of oral absorption [M. Antonaccio. Clin. Exp. Hypertens. A4, 27-46 (1982); D. H. P. Streeten and G. H. 
Anderson, Jr. - Handbook of Hypertension, Clinical Pharmacology of Antihypertensive Drugs, ed. A. E. 
Doyle. Vol. 5, pp. 246-271. Elsevier Science Publisher, Amsterdam. The Netherlands. 1984f 

ts Recently, several non-peptide compounds have been described as A II antagonists. Illustrative of such 
compounds are those disclosed in U.S. Patents 4,207.324; 4,340,598; 4.576.958; and 4.582,847 in European 
Patent Applications 028,834; 245.637; 253.310; 291.969; 323,841; 324,377 and and in articles by A.T. Chiu. 
et al. [ Eur. J. Pharm. Exp. Therap . 157 . 13-21 (1988)] and by P.O. Wong, et al. tJ. Phanrt. Exp. Therap . 247. 
1-70988)]. All of the U.S. Patents. European Patent Applications 028.834 and 253,310 and the two articles 

20 disclose substituted imidazole compounds which are generally bonded through a lower alkyi bridge to a 
substituted phenyl. European Patent Application 245.637 discloses derivatives of 4,5.6.7-tetrahydro-2H- 
imida20[4.5-c]-pyridine-6-carboxylic acid and analogs thereof as antihypertensive specifically Ca^* channel 
blockers, and European Patent Application 323.841 discloses substituted pyrroles, pyrazoles and triazoles 
as angiotensin 11 antagonists. 

25 

BRIEF DESCRIPTION OF THE INVENTION 

This invention is directed to novel substituted Imidazo-fused 7-member ring heterocyclic compounds of 
30 the formula (i) and to novel substituted imidazo compounds of the formula (la) both of which are angiotensin 
II antagonists and are useful in the treatment of hypertension and congestive heart failure. Specifically, the 
compounds of this invention contain an imidazole moiety which is substituted at the 1 and 2 positions and 
to which a seven member heterocyclic ring is fused at the 4 and 5 positions or which is substituted at the 4 
and 5 positions. Additionally, pharmaceutically acceptable compositions of these novel compounds^ as the 
35 sole therapeutically active ingredient and In combination with diuretics and other antihypertensive agents, 
including beta-blockers, angiotensin converting enzyme inhibitors, calcium channel blockers ot a combina- 
tion thereof are disclosed and claimed. Further, methods of treating hypertension, congestive heart failure 
and elevated intraocular pressure are described and claimed. 

40 

DETAILED DESCRIPTION OF THE INVENITON 

This invention relates to compounds of the formulae (I) and (la): 
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wherein: 
R' is 

(a) -C02R'. 

(b) -SO3R8. 

(c) -P03R«R». 

(d) -NHSO2CF3. 

(e) -SO2NHR9 

(f) -C0NH0R9. 




CD Cla) 



(g) OH 

-C-p(0)(or8)2, 
iio 
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N— N 



311 



10 



15 



N— N 
(i>CH2 -^^y!^ 

ill 



20 



(k) -CONHNHSO2CF3. 



25 



30 



CD 



o 

or' 



35 



40 



45 



CrtJ 



N— N 



H 



^f=•N 



R" 



50 



55 



(o) -SOzNH-heteroaryl as defined below. 

(p) -CH2S02NH-heteroairyl as defined below, 

(q) -SO2NH-COR2S, 

(r)-CH2S02NH-COR25, 

(s)-CONH-S02R2S. 
- V- it) -CH2CONH.SO2R25. 

(u) -NHSO2NHCO-R25. 

(v)-NKCONHS02R2S. 

(w) -SO2NHCONHR2S. or 

(X) -CONHSO2NHR25 wherein: 
heteroaryl is an unsubstituted, monosubstituted or disubstituted five or six membered aromatic ring which 
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can optionally contain from 1 to 3 h t roatoms sel cted from the group consisting of O, N or S and wherein 
the substituents are members selected from the group consisting of -OH. -SH. -Ct-C^-alkyl. -Ci-C4-aikoxy. 
-CFa. halo (CI. Br, F. I}. -NO2. -CO2H. -COz-Ci-Ct-alkyl. -NH2. -NH(Ci-C4'alkyl) and -N(Ci-C*-aHcyl)2; 
and are each Independently 
5 (a) H. 

(b) halo (CI. Br. I, F). • • 

(c) NO2, 

(d) NH2. 

(e) Ci-C4-aIkylamino. 
10 (f) di(Ci-C4-alkyl)amino 

(g) SO2-NHR9. 

(h) perfluoro-Ci-C4-alkyl. 

(i) Ci-C4-alkyl. or 

(i) Ci-C4-alkoxy: R* is 
15 (a) H. or 

(b) Ci-Ci-alkyI; R^« is Ci-C6-alkyl; 

RS is 

(a) H. 

(b) halo. 
20 (c) NO2. 

(d) C,-C4-alkyl. 

(e) Ci-C4-acyloxy. 

(f) Cs-Cz-cycloalkyl 

(g) Ci-C4-a!koxy. 
25 (h) -CO2R'. 

fi) -NOSO2CH3. 
(j) hydroxy C«-C4-alkyl. 
(k) Ci-C4-alkylphenyl. 
(I) Ci-C4-aikylnaphthyl. 
30 (m) Ci-C4-alkylthio. 

(n) Ct-C4-alkylsulfinyl. 
(o) Ci-C4-alkyIsulfonyli 
(P) NH2. 

(q) Ci-C4-alkylamino. 
35 (r) di(Cj -C4-alkyl)amino, 

(s) fluoro Ct-C4-alkyl, 

(t) -C0NH0R3, 

(u) -SQ2-NHR9, 

(v) phenyl. 
40 (w) naphthyl. 

(X) furyl. 

(y) perf!uoro-Ci-C4-alkyl. 
(z) C2-C4-alkenyL or 
(aa) C2-C4-alkynyI; is 
45 (a) Ci-Cs-alkyl. 

(b) C2-C6-alkenyl, 

(c) Ca-Cs-alkynyl, 

(d) substituted Ci-Cs-alkyI, substituted Ca-Cfi-alkenyl or substituted Ca-Cc-alkynyi wherein the sub- 
stituent is selected from the group consisting of 

50 (i) hydroxy, 

(ii> halo. 

(iii) anriino, 

(iv) Ct-C4-aIkyIamino. 

(v) di(Ci-C4-alkyl)amino. 
55 (vi) carboxy. 

(vli) Ci -C4-alkoxycarbonyl, 
(viil) Cs-Cz-cycloalkyl, 
(ix) phenyl, or 
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IS 



20 



25 



30 



3S 



40 



45 



50 



(x) naphthyl, 

(e) phenyl. 

(f) naphthyi. 

(g) substituted phenyl or substituted naphthyl wher in th substituent is selected from the group 



(i) halo. • . 

(11) Cf-C4-alkyl. 
(ili) Ci-C4-alkoxy, 
(iv) N02, 
(V) CF3. 

(vi) S02-NR3R^o. 

(vii) Ci-C4-allcylthlo. 

(viii) hydroxy, 

(ix) amino, 

(x) C3-C7-cycloalkyl. 

(xi) Cs-Cto-alkenyl. or 

(h) a heterocyclic moiety selected from the group consisting of: 
(I) 2-pyridyl. 

(il) 4-pyridyl. 
(Hi) 2-pyrimldyl, 

(iv) 6-pyrimidyl, 

(v) imidazoyl. 

(vi) thiazolyl, 

(vii) indolyl, 

(viii) thienyl. 

(ix) furyl, 

(x) benzothienyl. 

(xi) benzimidazoyi, or 

(i) C3-C7-cycloalkyl; A is read in a clockwise direction and is selected from the group consisting of: 



5 corisisting of 
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(C) 



J- 



N - C - C = N- 
il5 



(d) 



«N-C-C-C=N- 
r15 



(e) _ y _ N - C - CH2-W- 
Al5 



B IS (a) 

. -A 



<CH2)8- 



wherein s is 0 to 5, 

(b) -S{0yCH2),- wherein x is 0 to 2 to 5, 

(c) -CH 

OH 
(cl)-Q -.or 



(e) -O: 
pisOor 1; 

Xis 

(b) -0-. 

(c) -S(0)y- wherein y is 0 to 2, 



(d) -N-, 




.(0-OCH2-. 

(g) -CH2O-. 

(h) -SCH2-. 

(i) -CH2S-. 



8 



(k) NR^SOa. 



(m)-CH = CH-. 
(n) -CF=CF-. 
(0) -CH = CF-. 
(p) .CF = CH-. 
(q) -CHaCHa-. 
(r) -CF2CF2-. 



EP 0 401 030 A2 



(j) -NHC-, 



r 

(1) -C-NH- 



r is 1 or 2; 
q is 0 or 1; 
R' is 

(a) H. 

(b) Ci-Cfi-alkyl. 

(c) phenyl, or 

(d) benzyl; R» is 
(a) H. or 



(S) -C^-pCH~ or 
CH2 

(t) 
(U) 

Nr19 

(v) or 

(w> r20q^^0r21; 



R3 and R^° are independently 

(a) H. ' 

(b) Ci-C6-alkyl. 

(c) phenyl, or 

(d) b nzyl; R'^ is 



<b) 



.Jh-oXr^^; 
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(a) a 

(b) Ci-Cc-alkyI, 

(c) C2-C4-aIk6nyl. or 

(d) Ct-C4-alkoxy-Ci-C«-alkyl: R'^ is 

(a) CN. . . 

(b) NO2. or 

(c) C02R';R^3 is 

(a) H. 

(b) Ci-Cs-alkyl. 

(c) Ca-Ce-cycloalkyl. 

(d) allyl or 

(e) benzyJ; Z is 
(a) -0-. 

(b) 

-N-, or 



(c) -8(0)^-: R'* and R^^ are independently 
(a)H. 

(WCi-Ce-alkyl. 

(c) C2-C6-alkenyl, 

(d) Ca-Cs-alkynyl. 

(e) substituted Ci-Ce-alkyl, substituted C2-C6-alkenyf, or substituted Ca-Ce-alkynyi wherein the 
substituent is selected from the group oonsisting of 

0) hydroxy. 

fli) Ct-C4-alkoxy. 

(iii) -N(R*)2, 

(iv) -C0N(R*)2. 

{v)C02R'. . . 

(vi) 0C(0)R9. 

(vii) guantdino, or 
(vili) Ci-C4-alkyithio. 

(f) phenyl. 

(g) phenyl Ci-C^-alkyl. 

(h) substituted phenyl or substituted phenyl Ci-C^-alkyl wherein the phenyl group is substituted with 
a member selected from the group consisting of 

(i) hydroxy. , ^ 

(ii) halo 

fiii) Ci-C*-aikyl. 
pv>Ci-C*-alkoxy, 

(i) heterocyclic Ci-C4-alkyl wherein the heterocyclic group is a member selected from the group 
consisting of 

0) imidazolyl. or 
fii) indolyl; R'^ is 

(a) H.or 

(b) Ci-Cs-alkyl. 

(c) Ci-Cc-alkyl substituted with hydroxy; Y is 

(a)-0,or • • 

(b) 

-N-; 



Wis 

(a)-0-/ 
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(b) 

-N-» or 



(c) -S-: R'^ is 
' (a) H. 

(b) Ci-Cfi-alkyI: is 

(a) H. 

(b) CiA-alkyl, 

(c) C3.C6-cycloalkyl. 

(d) aryl. or 

(e) aryl'CHs*; wherein aryl is phenyl or substituted phenyl wherein the substituents are members 
selected from the group consisting of halo (CI. Br. F. I), -NO2. -CF3. Ci-C^-alkyl. Ct-C4-alkoxy. -NH2. -NH- 
(Ci-Ci-alkyl), -N(C,-C4-alkyi)2. -NHC02-Cf-C4-aIkyl. -OH. -COaH. -C02-Ci-C4-alkyl: Is 

(a) -NR9R'0. 

(b) -OR^o. 

(c) -NHGONH2. 

(d) -NHCSNH2. 




or 



R2° and R^' are independently 

(a) Cj-C4-alkyl. or 

(b) when taken together are •CH2CH2- or •CH2GH2CH2-; R^ is 

(a) H. 

(b) Ci-Ce-alkyl, 

(C) Ca-Ce-cycIoalkyI, 

(d) Gi'-C4-acyl. 

(e) benzyl, 

(f) phenyl, or 

(g) allyl; Q is 

(a) -N(R2*)GO-R». 

(b) -NOCOR26, 

(0) -N{R2*)S02R2«. 

(d) -NHS02-Gi-G4-alkyl, 

(e) -N{R*)R27; T is 

(a) -CO2R23. 

(b) -GONHSO2R25, 
. (c) -C0NR♦R2^ 

(d) -GN. 

(e) -tetfazol-S-yl; R^^ is 
. (a)H. 

(b) Ci-Cc-alkyI; R2Ms 

(a) CirCs-alkyl. 

(b) aryl or, 

(c) aryl-GH2- wherein aryl is as defined abov ; R^s is 

(a) aryl as d fin d above. 

(b) heteroaryl as defined above. 



n 
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(c) C3-C7-cycloalkyl, 

(d) Ci-C4-alkyl optionally substituted with a substituents s lected from th group consisting of aryl as 
d fined abov , heteroaryl as defined above* -OH, -SH, Ci-C4-alky(. -0<Ci-C4-alkyl). -S(Ci-C4-alkyI). -CF3, 
halo (CI. Sr, F. I). -NO2. -CO2H. C02-Ci-C*-alkyl. -NH2. -NH(C,-C4-alkyl), -N{Ci-C4-alkyl)2. -PO3H. -PO- 

5 (0H){0'Ci-C4-alkyl); 

(e) perf?uoro-Ci-C4-alkyl; R^^ is 

(a) Ci-C4-alkyl optionally substituted with aryl as defined above. -N(R*)2, -NC02R'^ or -CO2R*. 

(b) perfluoro-Ci-C4-alkyl, 

(c) aryl as defined above. 
10 (d)-N(R*)2. 

(e) Ca-Cs-cycloalkyl. or 



(g) heteroaryl as defined above; R^' is 

(a) H. 

(b) aryl as defined above, or 

(c) Ci-Ce-alkyI optionally substituted with aryl as defined above. -OH, -CO2R*, or -N(R*)2; and. the 
pharmaceuticaify acceptable salts thereof. 

Except where specifically defined to the contrary, the tenns "alkyi". "alkenyl**. "alkynyr. ''alkoxy" and 
"acyl" include both straight-chain and branch-chain species of the term. 
One embodiment of the instant invention is represented by the formula (II) 



/ — V 

— N Z iMhoro Z Is as deflnod abovo, 



75 




.16 



30 




CH2 o 



40 



45 



wherein: 
R' is 



50 



(a) carboxy. 

. (b) Ci-C4-alkoxycarbonyl. 
(c) -N08O2CF3. or 




N: N 



55 



H 



- ()-P0(0R^)R^ 



12 



EP 0 401 030 A2 



(f) -PD{OR3)2. 

(g) SOaNH-heteroaryl, 

(h) CH2S02NH-het roaryl. 

(i) -SO2NH-CO-R2S, 

5 (j) -CH2S02NH-CO-R». 

(k)-CONH-S02R2^, 

(I) -CH2CONH-S02R2^, 

(m) -NHS02NHCO-R25. 

(n) .NHC0NHS02R^. 
TO (o) -S02NHC0NHR». R* and R^ are independently 

(a) hydrogen, 

(b) Ci-C4-a!kyl. or 

(c) halo: R^ and R^ are independently 
(a) hydrogen, 

15 (b) Ci-Ce-alkyI, 

(c) Ci-Cfi-alkoxy, or 

(d) halo; R^ is 

(a) Ci'Cs-alkyl. 

(b) C2-C5-alkenyl, 

20 (c) Ct-C*-alkoxy-Ci-C6-alkyl» 

(d) Ct-Ci-alkylthio-Ci-C$-alkyl. 

(e) Ci-C4-alkoxy-C2-C6-aIkenyl, or 

(f) Ci-C4-alkylthio-C2-C6-alkenyi: B Is -S-. 
p is 0 or 1; 

25 X is 

(a) 



(b) -S- or 
30 (c)-OCH2-;qis0or 1: 

R'* is H; 
R^s is 

(a) H, 

(b) Ci-Cfi-alkyI, 

35 (c) substituted Gi-Ce-alkyI wherein the substifuent is selected from the group consisting of 

(i) hydroxy. 

(ii) amino. 

(iii) guantdino. 

(iv) Ci-C4-alkylthio. 
40 ' (v) carboxy. 

(vi) carboxamido, 

(vii) Ci*C4-alkoxycarbonyl, or 

m 



il R^ 



45 O C R^ wherein R^ Is H. Ci-Cc-alkyl. or phenyl 

(d) benzyi, 

(e) 4-hydroxybenzyi. 

(f) 3-indolylmethyl» 

(g) 4Hmidazoiylmethy I, or 

50 (h) phenyl; and R^^ is H or Ci-C^-alkyl 



Yis 



.(a)-O-. 



55 



(b) 
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One class of this embodiment is the compounds of the formula (II) wherein R^, R^, R* and R^ are 
hydrogen and p and q are 0. A sub-class of these compounds is the set of compounds wherein R^ is 
carboxy. Ci-C4-alkoxycarbonyl or tetrazole. Illustrating this sub-class are the compounds wherein is Ci- 
Cc-alkyl. R^^ and R'^ are hydrogen and Y is -NH-. Exemplifying this class are the following compounds. 
5 (1 ) 2-butyM -{2'-carboxybiphen-4-yl)methy 1-1 .4.6,7-tetrahydroimida2o[4.5-el[1 ,41-diazepine-5.8-dione; 

and, 

(2) 2-butyl-1-(2 ^tetrazol-5-yl)biphen-4-yl)methyl-i.4.67-tetrahydroimidazo[4,5-eHl.4]diazepine-4^ 
methyl-5.8-dione. 

A second embodiment of the instant invention is represented by the formula (HI) 

70 

O 



fS 



20 



25 




wherein: 
R' Is 

(a) carboxy, 

(b) Cf *C4-alkoxy carbonyl. 

(c) -NHSO2CF3. 

35 



Nj N 



40 ' 

(d) " 



(e) -S02NH-heteroaryl, 
45 (f) -CHzSOaNH-heteroaryl. 

(g) -SO2NH-CO-R25, 

(h) -CO2SO2NH-CO-R25, 
(I) -CONH-SO2R25. 

0) -CH2CONH-S02R2^ 
so (k)-NHS02NHCO-R25, 

(I) -NOCONHSO2R2S. 

(m) -SO2NHCONHR25. or 
. .(n) -CONHSO2NHR25 R2 and R^ are Independently 

(a) hydrogen. 
55 (b) Ci-C*-aIkyl. or 

(c) halo; R* and R^ are independently 

(a) hydrogen. 

(b) Ci-Cc-afkyl. 



14 



EP 0 401 030 A2 



(c) Ci-Cs-alkoxy, or 

(d) halo; R« is 

(a) Ci-Cs-alkyl, 

(b) C2-C6-alkenyl, 

5 (c) Ci -C4-alkoxy-Ci -Cfi-alkyI, 

(d) Ci-Ci-alkylthio-Ci-Cg-alkyl. 

(e) Ci-C4-alkoxy-C2-C6-alkenyl. or 

(f) Ci-C4-alkyIthio-C2-C6-alkenyl; B is -S-; 
p is 0 or 1: 

10 Xis 

^ (a) 



(b) -S- or 
15 (c)-OCH2-;qis0or 1; 

R'* is H; 

Is 

(a) H. 

(b) Ci-C«-aIkyl. 

20 (c) substituted Ci-Ce-aikyI wherein the substituent is selected from the group consisting of: 

(i) hydroxy. 

(ii) amino, 

(iii) guanidino. 

(Iv) Ci-C»-aIkylthio, 
25 (v) carboxy, 

(vt) carboxamido, 

(vii) Ci-C*-alkoxycarbonyI, or 



30 O C R3 wherein R' is H, Ct-Cs-alkyi. or phenyl 

(d) benzyl. 

(e) 4-hydroxybenzyl. 

(f) 3-lndo!ylmethyl, 

(g) 4-fmida20lylmethyl, or 

35 (h) phenyl; and R^^ is H or Ci-C4-aIkyl 



Yis 



(a) -0-. 



40 



45 



50 



55 



(b) 



One class of this embodiment is the compounds of the formula (III) wherein R^, R3, R* and R^ are 
hydrogen and p and q are 0. A sub-class of these compounds is the set of compounds wherein R^ is 
carboxy, Ci-C*-alkoxycarbonyl or tetrazole. Illustrating this sub-class are the compounds wherein R^ Is Ci- 
Cfi-alkyl, R^^ and R^^ are hydrogen and Y is Exemplifying this class are the following compounds. 

(1) 2-butyl-3-(2'<:arboxybiphen-4ryl)methyl-3A67-tetrahydroimida2ot4.5-e][1.4]Hjla2epi^ 

and, 

(2) 2-butyl-3-{2'-(tetra20l-5-yl)biphen-4-yl)methyl-3.4.6.7-tetrahydroimidazo[4,5-e][1.4]di^^ 

dione. 

A third embodiment of the instant invention is represented by the formula (IV) 



15 
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9. 



TO 



15 




CIV) 



20 

wherein: 
R' is 

(a) carboxy. 

(b) Ci-C4-aIkoxy carbonyl, 
25 (c) -NOSOaCFa, or 



N; N 

-V 

^ H 



and are Independently 
35 (a) hydrogen. 

(b) Ci-C4-a!kyl. or 

(c) halo; R* and R^ are independently 

(a) hydrogen. 

(b) Ci-Ce-alkyl. 

40 (c) Ci -Cs-alkoxy, or 

(d) halo; R^ Is 

(a) Ci-Cs-alkyI, 

(b) Ca-Cs-alkenyi. 

(c) Ci-C4-alkoxy-Ci-C6-aIkyl. 
45 (d) Ci -Ci-alkylthio-Ci -Cc-alkyl. 

(e) Ci-Cc-alkoxy-Ca-Cs-alkenyl. or 

(f) Ct-G*-aIkylthlo-C2-C6-alkenyl: is 

(a) H. 

(b) Ci-Cs-alkyl. or 
50 . (c) phenyl; B is -S-; 

p is 0 or 1; 
X is 

(a) 



55 

(b) -S- or 

(c) -OCH2-:qisOor 1; 
R'* is H; 



16 



EP 0 401 030 A2 



R« is 

(a) H.- 

(b) C,-C6-all<yl. . ^ , 

(c) substituted C-Cs-alkyI wherein the substituent is selected from the group consisting of 

(i) hydroxy, 

(ii) amino, 

(iii) guanidlno. 

(iv) Ci-C«-all<ylthio. 

(v) carboxy, 

(vi) carboxamido, 

(vii) Ci-C«-alkoxycarbonyt. or 
(viii) 



P? wherein R' is H, Ci-Cs-aJI<yl, or phenyl 

(d) benzyl, 

(e) 4-hydroxybenzyl, 

(f) 3-indolylmethyl, 

(g) 4-imidazolylmethyl. or 

(h) phenyl; and R'* is H or Ci-Cs-all<yl , „, ^ r« 
One class of this embodiment is the compounds of the formula (IV) wherein R^ R^ R« and R^ are 

hydrogen and p and q are 0. A subclass of these compounds is the set of compounds wherein R is 
carboxy C,-C»-alkoxycarbonyl or tetrazole. Illustrating this sub-class are the compounds wherein R« is C- 
Ct-aikyl'and R'. R'* and R" are hydrogen. Exemplifying this class are the following compounds. 

(1) 2-butyl-3K2'-carboxybiphen-4-yl)methyi-6,7<lihydroimidazo[4,5-e][1 .4]dia2epine-8(3H)-one: and. 

(2 2-butyl-3K2^(tetrazol-5-yl)biphenyl-4-yl)methyl-6,7-dihydroimidazol4.5-e]t1.4]dia2epine-8( 

One embodiment of the fomiula (la) compounds of the Invention are those wherein R^. R^ R* and R 
are hydrogen and p and q are o. A sub-class of these compounds are those wherein R« is C-Cs-alkyI and r 
Is 1 . Exemplifying ttiis class are the following compounds: 

(1) 4.Amino-2-butyl-5-carbomethoxy-1-[(2 -carboxybiphen-4-yl)methyll-imidazole: 

(2) 2-Butyl-5-carbomethoxy-1-[(2'carboxybiphen-4-yl)methylh4-methylamino-imidazole: 

(3) 2-Butyi-5-carbomethoxy-1-[(2'-carboxybiphen-4-yl)methyll-4-df'nethylaminoimklazole: 

(4) 4-Amino-2-butyl-5-carbomethoxy-1-[(2'-{tetrazol-5-yl)biphen-4-yl)methyl]-imida20le: 

(5) 4-Amino-5Karbomethoxy-2-propyl-1-[(2-(tetra2ol-5-yl)biphen-4-yl)methylhimidazole: 
(e)5-Amino-4-carbomethoxy.2-propyl-1-[(2'-(tetra2ol-5-yl)biphen-4-yl)methyl]-imidazole: 

(7) 2-Butyl-5-carbomethoxy-4-methylamino-H(2-(tetrazol-5-yl)biphen-4-yl)methyiHmida20le: 

(8) 2-Butyl-4-carbomethoxy-5-methylamino-1-[(2'-(tetrazo«-5-yl)biphen-4-yl)methylhimida20le; 

(9) 2-Butyl-5-carbomethoxy-4.dimethylamino-1-[(2-(tetra2ol-5-yl)biphen-4-yl)methyl>imida2ole: 

(10) 4-Benzylamino-2-butyl-5-carbomethoxy-1-[(2'-(tetra2oh5-yl)biphen-4-yl)methylhimidaTOle: 

(11) 4-(N-Benzyl-N-methyl)amino-2-butyl-5-carbomethoxy-1-l(2 -(tetra2ol-5-yl)biphen-4.yl)methyl}- 

''"'*^l2)2.Butyl-5-carbomethoxy.4-(pyrrolldin-1-yl)-H(2'-(tetrazol-5-yl)blpte 

(1 3) 4-Acetamido-2-buty l-5-carbomethoxy-1 -[(2'-(tetrazol-5-yl)biphen-4-yl)methyll-imidazole: 

(1 4) 5-Acetamido-2-butyl-4-carbomethoxy-l -t(2'-(tetrazol-5-yl)biphen-4-yl)methyl]-imidazoie: 

(15) 2-Butyl-5-carbomethoxy-4-(N-methyl)acetamido-1-l(2 -(tetrazol-5-yl)biphen-4-yl)methyl]-im- 

"**^'tl8) 2.Butyl-5-carbomethoxy-4-(N-phenyl)acetamldo-1-((2'-(tetra20l-5-yl)biphen-l-yl)methylHm- 

''^'n7)2-Butyl-5<arboxy-4-(N-phenyl)acetamido-1-((2'Htetra20l-5-yl)biphen-4-yl)^ 

(18) 2-Butyl-S<arbomethoxy^(N-(2-chtoro)phenyl)acetamido-H(2Ktetrazoi-5-yl)biphen^^ 

"**'^'(V9)'25S^V5HDarbomethoxy-4.(N-(2-chloro)phenyl)met^ 

-'"®*^Sj'^^J.5^arboxy-4-(N-me1hyl)acetamido-1-I(2'-(tetrazol-5-yl)biphe 

(21 ) 2-Butyl-5<arboxy-4.(N-methyl)ben2amido-1 -t(2'-(tetrazol-5-yl)biphen-4.y l)methyl>imidazole: 

(22) 2-Butyl-5K:arboxy-4-(N-ethyl)trifluoroaeetamido-1-[(2 -(tetrazol-5-yl)biph n-4-yl)methyl>imida2ole; 

(23) 2-Butyl-5-carboxy-4-(N-methy l)butanamido-1 -{(2 -(totrazol-5-yl)biphen-4-yl)methylhimida20le: 

(24) 4-Acetoxyacetamido-2-butyl-5-carbom thoxy-l-{(2'-}tetrazol-5-yl)biphen-4-yl)methylHmidazole: 

(25) 4-(Aminoacetyl)amino-2-butyl-5Karbomethoxy-H(2 -(t trazol-5-yl)biphen-*-yl)methylHmida20l ; 
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(26) 2-Butyl-5K»rbomethoxy-4-(N-phenyl)acetamidoO^(2'-(N-phenylsulfonyl)carboxamidobiphen-4^ 
yl)methyl]-imidazole; 

(27) 4-Acetamldo-2-buty l-5-carboxy- 1 •[{2'-{pheny Isulfony l)carboxamidobiphen-4-yi)methyl>imida2ole: 

(28) 4-Ac tamido-2-butyl-5-carboxy- 1 -[{2]-(N-ben20yl)sulfonamldofaiphen-4-yl)methy l-lmidazole; 

(29) 4-Acetamido-2-butyl-5K:arboxy-1-[(2'-(N-acetyl)sulfonamidobiphen-4-yi)methyl]-imid^^ 

(30) 2-ButyM-methylamino-5-carboethoxy-1-(2'-carboxybiphen-4-yl)methylimida20le; and. 

(31 ) 2-Butyl-4<limethylamino-5-carboethoxy-1 -(2'-carboxybiphen-4-yl)methyli^ 
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T.TST nv ABBREVIATIONS USED 

Reagents : 



NBS N-bromosuccinimide 

AIBN A2o(bis)i80butyronitrile 

DDQ D i chlo r od i cy anoqu i none 

AC2O acetic anhydride 

TEA triethylamine 

DMAP 4-d imethy laini nopy r id ine 

pph3 triphenylphosphine 

TFA trifluoroacetic acid 

TMS-Cl trimethylsilyl chloride 

Im imidazole 

AcSK potassium thioacetate 

p-TsOH p-toluene sulfonic acid 

Solvents : 

DMF dimethylformamide 

HOAc <AcOH) acetic acid 

EtOAc (EtAc) ethyl acetate 

Hex hexane 

THF tetrahydrofuran 

PMSO dimethylsulf oxide 

MeOE methanol 

iPrOH isoprppanol 

Others: 

rt room temperature 

TBDMS t-butyldimethyls ilyl 

OTf OSO2CF3 

OTs OSO2- < 4-me thy 1 ) phenyl 
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OMS . ^ OSO2CH3 

Ph phenyl 

FAB-MS (FABMS) Fast atom bombardment mass 

spectroscopy 

NOE Nuclear Overhatiser Effect 

Si02 silica gel 

t r ityl t r iphenylmethyl 

The compounds (I) of the present invention can be prepared from intermediates such as those of 
formula (1): 



20 



25 



30 




wherein J and K are respectively: 
^ (a) CONR^^ 

(b) NHR'^ CONHR^S; 

(c) COaR^ NHR^«; 

(d) NHR16 CO2R'; 

(e) C02R^ halo; - 

(f) halo. COzR^: 

(g) SH. CO2R'; 

(h) C02R^ SH; 

Intermediates (1) are converted to products (i) by cyclization of J to K by treatment with a bidentate 
agent in an alkylation or condensation procedure as described In detail below. This cyclization introduces 

^ the fused 7-membered ring heterocycle of formula (I). 

Intermediates (1) can be prepared as shown in Scheme 1 by treatment of an alkylating agent (2) 
wherein 1 is a good leaving group such as CI, Br. I. 0-mesyl or 0-tosyl and an imidazole (7) wherein J and 
K are independently halo. CONHR'^. C02R^ NHR'« moieties (R7 = H). The alkylation reaction of Scheme 1 
is conveniently carried out in anhydrous dimethyl formamide in the presence of bases such as sodium 

^ hydride or potassium t-butoxide for a period of 1-24 hours at temperatures of 20-100* 0. Substituent groups 
on alkylating agent (2) and imidazole (7) may need to be suitably protected. Examples of such protecting 
groups can be found in the text by T.W. Greene. Protective Groups In Organic Synthesis. John Wiley & 
Spns^. 1981. Chromatography on silica gel is employed to separate isomers and to remove sid products 
which may aris from alkylation on NHR*^ when this sut>stituent is present 
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Scheme 1 




NaH 



(1) 

Alkylating agent (2) may be prepared as described in EPO publications 253,210 and 291,969 and the 
references cited therein. A useful nnethod to prepare the preferred alkylating agents 6a. 6b and 6c is shown 
in reaction Scheme 2. 
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Scheme 2 
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tBuLi 
-78°C 




Ether 



ZnCl 
3 



435^ r'= -cooccci^)3 

4b; r'= CN 
4c; R^= NO2 

Ni(PPh3)2Cl2 
or 

PdCPPha)^ 




5a; R^= -C0CX:(CI%)3 
5b; R^= CN 

5c; r's NOa 



CCPh)3 
6c; R^= -NHSpjCFa 



50 



55 



As outlined in Sclieme 2. 4-bromotoluen6 is treated with t-BuLi followed by the addition of a ZnCb solution 
to yield an organozinc compound (3). Compound (3) is then coupled with 4a or 4b in the presence of a Ni- 
(PPhah CI2 catalyst to produce the desired biphenyl compound 5a or 5b. Similarly. 1-iod6-2-nitrobenzene 
(4c) is coupled with organozinc compound (3) In the presence of a Pd{PPh3)* catalyst (prepared by treating 
CfPd(PPh3)2 with (j-Bu)2AIH (2 equiv.)) to yield the biphenyl compound (5c). Precursors 5a. 5b and 5c are 
convert d to halomethyl d rivativ s 6a. 6b and 6c respecth/ely according to procedures described in EPO 
publications 253.310 and 291.969. 

Th imidazoles (7) required in aikylation Scheme 1 can be prepared by a number of methods well 
known in th Piterature including thos d scribed in EPO publication 253.310. A us ful method of generating 
compound (7) wh r in J and K ar NHa and CONHR^^ or COaR' and p is z ro Is illustrated in Scheme 3. 
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Scheme 3 



R*C=N 



EtOH 
HCl 



NH 
p»-C-OEt 
8 



C=N 

r 

CONH, 
EtOH, ^ 



EtOH 
A- 



C=N 
/ " 
NHj-CH 
\ 

COjEt 



I CONHj 



H 
9 




H 
10 



R'*NHj, Eton A 



I . CONHR^* 

H 

11 



The synthesis of intermediate (1) wherein J is NHW^ and K is CONHR^^ or C02R^ (R' = Ethyl) and p 
is zero can be accomplished by the alkylation of the cyanoamidine (13) with benzyifc hallde or 
pseudohalide (2) as butfined in Scheme 4. 
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Scheme 4 



|j" N-CEN 
R*-C-OEt + NHjCzN S£^L. R^-cU 



8 



•OEt 
12 



N-C=N. • 

12 + NHaC^aCpjEt IHl^L. R^-C 

EtOH \jj^H2CP2Et 

13 



N-C=N 




NaH 
DMF 




14 
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Scheme 4 Cont'd 




17 



Cyanoamidiiie (13) is prepared according to the methods described by Edenhofer, Hejv. Chim Acta . 58, 
2192(1975). 

Cyanoamidine (13) is alkylated employing the appropriately protected alkylating agent (2). For example, 
50 an carboxyl group can be conveniently protected as a t-butyl est^r and an tetrazole group as an N- 
trityi derivative. The alkylated cyanomidlne (14) is purified by.silicei gel chromatography as is the ring- 
closed product (15). Conversion of (15) to amide (16) can be accomplished by heating the ester with 
•R^^NOa in an inert solvent such as ethanol. Compound (15) can be alkylated on the amin moiety using a 
small xc ss of R^*-l in DMF in th pr senc of NaH. 
55 ^Compounds of formula (1) wherein J and K are either CI and CO2OH or CO2OH and CI respectively are 
also useful int rmediates the preparations of which are described in EPO publication 253.310. The primary 
alcohol moiety in these compounds, COaOH, can be oxidized dir ctly to the corr sponding -CO2CH3 ster 
groups using Mn02 in the pres nc of NaCN and acetic acid in methanol as illustrated in Scheme 5. 
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Scheme 5 



ci 





CI 



HOAC. MBOH 





18 



19 



CHjOH 

I 

9^1 




hflOa. NaCN 
HOAC. tfeOH 



CO^CHg 





20 



21 



Compounds (19) and (21) from Scheme 5 can be further converted to thiol compounds as illustrated by 
the rfiethodology of Scheme 6. Scheme 6 also illustrates an alternate route to amino compounds (22) which 
involves azide displacement of CI followed by hydrogenatlon. 
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Scheme 6 
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Formation of the products (1) wherein the fused ring A contains Y = NR^^ is canied out from 
intermediates (1) wherein J and K are (NHR'S CONHR^«) or (CONHR'^ NHR'^) respectively by treating (1) 
in DMF with L-C(0)-C(R^*)(R'5)-L in the presence of a tertiary amine such as triethylamine. L is a leaving 
group which preferably is a halo group. When J or K is COaR^ and R7=H then Y in the resultant products 
is oxygen. The transformations illustrated in Scheme 7 with intermediate (16) are analogous to transforma- 
tions which can be employed to synthesize similarly substituted benzodiazepines. 



55 
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Scheme 7 




22 25 



Scheme 7 also provides an alternate route to generate products (I) wherein is NR^^. tn this sequence N- 
protected amino acids are used to acylate intermediate (1) wherein J or K is NR*^, by employing either an 
acyl halide. or a standard cart)oxyl activating reagent such as dicyclohexylcarbodiimide (DCC) or 
(benzbtHazol-l-yl)oxytri$(dimethylamino) phosphonium hexafluorophosphate (BOP). The N-protecting group 
of the amino acid such as the carbobenzyloxy (Cbz). t-butoxycarbonyl (t-BOC) or the fluorenylethylmethox- 
yloxycart)ohyl (FMOC) group is removed according to standard peptide synthetic conditions. The final ring 
forming step is made by heating this int rmediat in an alcoholic solvent or by saponifying the imidazole 
COaR^ group to yield a carboxylic acid which Is reacted with NR^^ using carboxyl activating reagents such 
as DGC or polyphosphoric acid. 
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Following the methodology of the above described transformatfon of Scheme 7, if J and K are SH and 
C02R^ as illustrated by intermediate (23). and the ring forming reagent is HNR'^C(R'*)(R'5)CH2CI, It is 
possible to form products of fomiula (I) wherein A Is -C0N{R'^)-C{R^*)(R'^)-CH2-W or -W-CH2-C(R**)(R^5)- 
N(R^«)CO- and W is S. 

The preparation of products (I) wherein A is -CON(R'^)-C{R'*)(R^5)-C(R3)=: N- is carried out in Scheme 
8. The final ring closure which involves a dehydration to yield an amine can be assisted by heating in the 
presence of molecular sieves and acetic acid in an inert solvent such as dioxane or employing poly- 
phosphoric acid as the dehydrating agent 

S cheme 8 
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Compounds of formula (la) wher Q is NHa and T is COsR^ are prepared as shown in Schem 9. 
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Imidale (12) (prepared as described in Schem 4) is conv rted to amidin 28 which is sequentially alkylated 
and cyclized by tr atment with sodium hydrid and agent (2) to give Intermediat (29). Scheme 9 also 
Illustrates the deprotection of intermediate (29) wh re is either tetrazole or C02tBu. 

Scheme 9 
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SCHEME 9 (Cont'd) 




30 31 



Acylation of intermediate (29) can be accomplished by treatment with an acid chloride as shown in 
Scheme 10. Amide (30) is then obtained after appropriate deprotectlon of as described in Scheme 9. 
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Schema IQ 




30 



Alkytation of intermediate (29) is accomplished by treatment with a strong base such as sodium hydride 
and an alkylating gent as indicated in Scheme 11. A second alkyi group can be Introduced by the same 
method with intermediate (31) as substrate. Deprotection of R' affords the mono-and di-alkylated com- 
pounds (33) and (34). respectively. 
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Scheme 11 




Alkylation of (29) with a bidentate alkylating agent, as shown in Scheme 12, leads to cycllzation. 
Compound (35) is obtained atter deprotectlon of H\ 
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Scheme 12 




As indicated in Scheme 13 below, mono-alky lated intermediate (31) can be subsequently acylated with 
an acid chloride to give, atter deprotection of R\ compound (36). Acylation of (31) with chloroacetyl 
chloride, followed by amination with ammonia gas and treatment with di-t-butyI-d!carbonate affords inter- 
mediate (37) which, after deprotection, gives compound (38). 
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Scheme 13 
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Scheme 14 



5 



10 




30 On 

35 

* Alternative Methods! 



a) (i) SOCI2. reflux (ii) r25s02HH-T!+ (where M 
^ is Na. K.or Li) 

b) (i) (C0C1)2-DMF ,-20*C (ii) r25s02NHTI+ 

c ) ( i ) N(N , N-Diphenylcarbamoyl )pyr idinium 
45 chloride/Aq. NaOH (ii) r25s02NH-M"»- 

Compounds of formula I and fomiula la where R1 is -CONHSOzR^ (where alkyi, aryl or 

heteroaryl) may be prepared from the conresponding carboxylic acid derivatives (39) as outlined in Scheme 

50 14. The carboxylic acid (39). obtained as described earlier can be converted into the conresponding acid 
chloride by treatment with refluxing thionyl chloride or preferably with oxalylchloride and a catalytic amount 
of dimethylformamide at low temperature [A. W. Burgstahler. L 0. Weigel. and C. Q. Shaefer -Synthesis. 
767^.(1976)]. The acid chloride then can be treated with the alkali metal salt of R^SOaNHa to form the 
desired acylsulfonamtde 40. Alternatively, these acylsulfonamides may be also prepared from the carboxylic 

55 adds using N»N-diphenylcarbamoyl anhydride intermediates [F. J. Brown et at - European Patent Applica- 
tion. EP 199543 ; K. L Shepard and W. Halczenko- J. Het Chem. , 16. 321 (1979)]. Preferably the carboxylic 
acids (39) can be convert d into acyl-imidazole intermediates, which can be then treated with an 
appropriate aryl or alkylsutfonamide and 1,8-diazabicycio[5.4.o]undec-7-ene (DBU) to give the desired 
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acylsulfonamide 40 [J. T. Drummond and G. Johnson - Tetra. Lett.- 29, 1653 (1988)]. 

Compounds of formula I and formula la wh re is -SOzNHCOR^^ may be prepared as outlined In 
Scheme 15. The nitro compound 5c (prepared as d scribed in Scheme 2) can be reduced to the 
corresponding amino compound and converted into aromatic diazonium chloride salt, which then can be 
5 reacted with 

Scheme 15 




a. i) H2/Pd-C. ii) NaH02-HCl, iii) S02,AcOH,CuCl2 

NH3 or (NH4)2C03 
c. Ph3CCl, Et3N, CH2Cl2» 25*C 
^ d. N-Bromosuccinimide 

. ^ J?. r25c.0C1 or R^Sco-Im or other acylating agents 
HET s same as, in Scheme 14*. 

65 

sulfur*dioxide in the pr sence of a copper (II) salt to fomn the corresponding arylsulfonylchiorlde 41^ [H. 
Meerwein. G. Dittmar. R. Gollner. K. Hafner. F. Mesnsch and 0. Steifor * Chem. Ber. . 90, 841 (1957); A. J. 
>rinsen and H. Cerfontain, Recueil. 84, 24 (1965): E.. E. Gilbert. Synth sis, 3 (1969) and referenc s cited 
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therein]. The sulfonyl chloride thus obtained, can be r acted with ammonia in aqueous solution or in an inert 
organic solvent F. H. Bergheim and W. Baker. J. Amer. Chem. Soc 66. (1944). 1459], or with dry 
powdered ammonium carbonate. E H. Huntress and J, S. Autenrieth, J. Am r. Chem. Soc.. 63, (1941). 
3446; E. H. Huntress and F. H. Garten. J. Amer. Chem. Soc.. 62. (1940). 511] to form the sulfonamide 42! 

5 The benzyl bromide 44 may be prepared from the sulfonamide 43b as outlined in Scheme 8. and then can 
be reacted with an allcali metai salt of an appropriate heterocyclic compound (HET) to form the key 
sulfonamide 45. The sulfonamide 45 may be also prepared from the aromatic sulfonyl chloride 50, which 
may be prepared (where applicable) from the aryl amine 49 as outlined In Scheme 16. The acylation of with 
appropriate acyl chlorides (or acyl-imldazoles of other acylating agents) may produce the desired acylsul- 

70 fonamldes 46. 

The compounds bearing as -SO2NHR25 (where R^^ is heteroaryl) may be prepared by reacting the 
aromatic sulfonyl chloride 50 with appropriate heteroaryl amines as outlined in Scheme 16. The sulfonyl 
chloride 50 may be the 
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Scheme 16 



HEX 




51 

45 



HET s same as in Scheme 14. 

prefered intermediate for the synthesis of this class of compounds. The aromatic sulfonyl chlorides may 
also be prepared by reacting the sodium salt of aromatic sulfonic acids with PCI5 or POCI3 [CM. Suter, The 
Organic Chemistry of Sulfur. John Wiley & Sons. 459. (1944)]. The aromatic sulfonic precursors may"be 
prepared by chlorosulfonation of the aromatic ring with chlorosulfonic add [E.H. Huntress and F.H, Garten. 
J. Amer. Chem. Soc. 62, 511 (1940)]. 

The blaryl sulfonamide 43a and 43b can be prepared alternatively using palladlum(0) catalyz d cross- 
coupling reactions of appropriate aryl-organotin precursors [J.R. Still , Pure Appl. Chem.. 57. 1771 (1985); 
T.R, Balely. Tetra Lett. . 27, 4407 (1986); OA WIddowson and Y.Z. ZhangT Tetrahedr^^ 42. 21 1 1 (1986)]. as 
outlined In Scheme 17. The organotin compound 53 [S.M. Mo riein, J. Organometalllc Ch m.. 319. 29 
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(1987)]. obtained from the aromatic precursoe 52, may be coupled with aryl sulfonamide 55 or 56 using Pd- 
{PPh3)4 or (PPh3)2PdCl2 as catalysts to give biaryl sulfonamides 43a and 43b , respectively. Similarly, the 
b nzyl bromide 44a and 44b may b alternatively prepared from th approprlat organotin precursor 59 
using the Pd(0) catalyzed cross-coupling reaction as outlined in Scheme 18. 



10 



15 



SCHEME 17 
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Br 

56 [R* « -CPha] 



54 



30 
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39 + 55 or 56 




O2NH-R'' 



^la^[R' s -CM»3] 
43b^[R* = -CPh,] 



a. 
b. 

c. 



(D NaN02/HCl (ii) SO2, CUCI2 (iii) t-Butylamine . 
or IIH3 and then Ph3CCl 

Pd(PPh3)4. Toluene or (PPh3)2PdCl2. DMF, 90*C. 



50 



55 



40 



EP 0 401 030 A2 

SCHEME 18 




44a [R* = -CM93] 

44b [R* = -CPhj] 
t-Bu Me2Si-Cl/Imidazole, DMT 

t-BuLi, -78»C, MesSnCl 

Tetrabutylaomoniuffl fluoxide 

CBr4/Ph3P. 
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SCHEME 19 



COCH, 




66 



67 CR^=COR*^) 

6£ CK'"Hfttoroaryl) 



a. <i) EtOCOCl/EtsN, THF, O^C (ii) NaBHA 
(iii) CCI4 or CBr4/PPh3 

b. AcSK 

c. SO2CI2 

d. Cl^i AcOH. HoO or, (i) SO2CI2 (ii) oxidation 

e. RyNH2 or. (i; NH3 (ii) Acylation. 
HET s same as in Scheme 14. 



The compounds of formula I and la bearing = •CE2SO2NHCOR25 and -CH2SO2NHR25 may be 
prepared as butllned in Scheme 19. The key precursor arylmethanesulfonyl chloride may be prepared 
elther frbm th reaction of aryl-methylmagn slum chloride 65 (which may be obtained from th correspond- 
ing benzyl chloride 62) with sulfuryl chloride [S. N. Bhattacharya, C. Eabom and D. P. M. Walton. J. Chem. 
Soc. C. 1265 '<1968)ror by oxidation of th aryl-methylthioacetate 64 (may be prepared from th benzyl 
bromide 63 as outlined) with chlorine in presence of trace amount of water [Bagnay and Dransch. Chem . 
B r.. 93. W (I960)]. Alternatively, the aryknethylthloacetate 64 can be oxidized with sulfuryl chloride in 
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presence of acetic anhydride to form aryl-methylsuifinyl chloride [S. Thea and G. Cevasco, Tetra . Lett., 28, 
\ 51*93 (1987)], which can be further oxidized with appropriate oxidizing agents to give the sulfonyl"chiorlde 
66. The compounds 67 and 68 can be obtained by reacting the sulfonyl chloride 66 with appropriate 
annines. 

5 Compounds (72) of formula I and la where = -NHSOaNHR^^ may be prepared by the reaction of 
appropriate primary amines with the sulf amide 71 [S. D. McDermott and in. J. Spillane, Synthesis , 192 
(1983)], as described in Scheme 20. The compound 70 may be obtained from tfie corresponding N-t- 
butylsulfamide 69 after treatment with anhydrous trlfluoroacetlc acid [J. D. Catt and W. L Matier, J. Org. 
Chem. . 39. 566 (1974)1. whfch may be prepared by the reaction of the aromatic amine ^ with t- 

70 butylsulfamoyi chloride [W. L Matier. W. T. <^mer and D. Deitchman. J. Med. Chem.. 15, 538 (1972)]. 



SCHEME 20 

J5 



20 
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It will be appreciated by those skilled in the art that the protecting groups used in these syntheses will 
be chos n to be compatible with subsequent reaction conditions. Ultimat iy. th y will be removed to 
generate the active compounds of formulae (I) and (la). For example, as carboxyl is often protected as 
its t-butyl ster which in the last step is removed by treatment with trifluoroacetic acid. Aqueous acetic acid 
5 employed overnight is a preferred method to remove a trityt protecting group to liberate an R' fetrazole 
group. 

The compounds of this invention form salts with various inorganic and organic acids and bases which 
are also within the scope of the invention. Such salts include ammonium salts, alkali metal salts like sodium 
and potassium salts, alkaline earth metal salts like the calcium and magnesium salts, salts with organic 

to bases; e.g.. dicyclohexylamine salts, N-melhyl-O-glucamine, salts with amino adds like arginine. lysine, and 
the like. Also, salts with organic and inorganic acids may be prepared: e.g.. HCl. HBr, H2SO4. H3PO4. 
methanesulfonic, toluenesulfonic, maleic. fumaric. camphorsulfonic. The non-toxic, physiofogically, accept- 
able salts are preferred, although other salts are also useful; e.g.. in isolating or purifying the product. 

The salts can be formed by conventional means such as by reacting the free acid or free base forms of 

75 the product with one or more equivalents of the appropriate base or acid in a solvent or medium in which 
the salt is insolubie. or in a solvent such as water which is then removed in vacuo or by freeze-drying or by 
exchanging the cations of an existing salt for another cation on a suitable ion exchange resin. 

Angiotensin II (All) is a powerful arterial vasoconstrictor, and it exerts its action by interacting with 
specific receptors present on cell membranes. The compounds described in the present invention act as 

20 competitive antagonists of All at the receptors. In order to identify All antagonists and determine their 
efficacy in vitro, the following two ligand-receptor binding assays were established. 



Receptor binding assay using rabbit aortae membrane preparation: 

25 

Three frozen rabbit aortae (obtained from Pel-Freeze Biologicals) were suspended in 5mM Tris-0.25M 
Sucrose, pH 7.4 buffer (50 ml) homogenized, and then centrifuged. The mixture was filtered through a 
cheesecloth and the supematant was centrifuged for 30 minutes at 20,000 rpm at 4*0. The pellet thus 
obtained was resuspended in 30 ml of 50mM Tris-5 mM MgCIa buffer containing 0.2% Bovine Serum 

30 Albumin and 0.2 mg/ml Bacitracin and the suspension was used for 100 assay tubes. Samples tested for 
screening were done in duplicate. To the membrane preparation (0.25 ml) there was added '^Sj-Sar^-Ile^- 
angiotensin II [obtained from New England Nuclear] (10ml; 20,000 cpm) with or without the test sample and 
the mixture was incubated at 37* C for 90 minutes. The mixture was then diluted with ice-cold 50mhA Tris- 
0.9% NaCI. pH 7.4 (4ml) and filtered through a glass fiber filter (GF/B Whatman 2.4" diameter). The filter 

35 was soaked in scintillation cocktail (10 mi) and counted for radioactivity using Packard 2660 Tricarb liquid 
scintillation counter. The inhibitory concentration (IC50) of potential All antagonists which gives 50% 
displacement of the total specifically bound ^^^I^SarMle^ -angiotensin II was presented as a measure of the 
efficacy of such comjpounds as All antagonists. 

40 

Receptor assay using Bovine adrenal cortex preparation 

Bovine adrenal cortex was selected as the source of All receptor. Weighed tissue (0.1 g is needed for 
100 assay tubes) was suspended in Tris.HCI (50mM), pH 7.7 buffer and homogenized. The homogenate 

45 was centrifuged at 20.000 rpm for 15 minutes. Supematant was discarded and pellets resuspended in buffer 
[Na2HP04 (lOmM)-NaCl (120mM)-disodlum EDTA (5mM) containing phenylmethane sulfonyl fluoride 
(PMSF)(0.lmM}]. (For screening of compounds, generally duplicates of tubes are used). To the membrane 
preparation (0.5 ml) there was added 3H-angiotensin II (50mM) (10ml) with or without the test sample and 
the mixture was incubated at 37* C for 1 hour. The mixture was then diluted with Tris buffer (4ml) and 

50 filtered through a glass fiber filter (GF/B Whatman 2.4" diameter). The filter was soaked in scintillation 
cocktail (10ml) and counted for radioactivity using Packard 2660 Tricarb liquid scintillation counter. The 
inhibitory concentration (ICso) of potential All antagonists which gives 50% displacement of the total 
specifically bound ^H-angiotensin II was presented as a measure of the efficacy of such compounds as All 
antagonists. 

55 The potential antihypertensive effects of the compounds described in the present invention may b 
evaluated using the methodology described below: 

Male Charles River Sprague-Oawley rats (300-375 gm) were anesth tized with methoh xitai (Brevital; 50 
mg/kg f.p.) and the trachea was cannulated with PE 205 tubing. A stainless steel pithing rod (1.5 mm thick. 
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150 mm long) was Insert d into the orbit of th right eye and down th spinal column. Th rats were 
immediately placed on a Harvard Rodent Ventilator (rate - 60 strok s per minute, volumn -1.1 cc per 100 
grams body weight). The right carotid artery was ligated. both left and right vagal nerves were cut. and the 
left carotid artery was cannulated with PE 50 tubing for drug administration, and body temperature was 
maintained at 37* C by a thermostatically controlled heating pad which received input from a rectal 
temperature probe. Atropine (1 wglkg i.v.) was then administered, and 15 minutes later propranolol (1 
mg/kg iv) Thirty minutes later angiotensin II or other agonists were administered intravenously at 30- 
minute intervals and the increase in the diastolic blood pressure was recorded before and after drag or 

vehicle administration. . . ^ ^ 

Using the methodology described above, representive compounds of the inventon were evaluated and 
all were found to exhibit an activity of at least IC5o<50mM thereby demonstrating and confirming the utility 
of the compounds of the invention as effective All antagonists. , , . «. 

Thus the compounds of the invention are useful in treating hypertension. They are also of value in the 
management of acute and chronic congestive heart failure. These compounds may also be expected to be 
useful in the treatment of secondary hyperaldosteronism. primary and secondary pulmonary hyperal- 
dosteronism. primary and secondary pulmonary hypertension, renal failure such as diabetic nephropathy. 
Qlomerulonephritis. scleroderma, glomerular sclerosis, proteinuria of primary renal disease, end stage renal 
disease, renal transplant therapy, and the like, renal vascular hypertension, left ventricular dysfuncton. 
diabetic retinopathy and in the management of vascular disorders such as migraine. Raynaud s disease, 
luminal hyperclasia. and to minimize the atherosclerotic process. The application of the compounds of this 
invention for these and similar disorders will be apparent to those skilled in the art. 

The compounds of this invention are also useful to treat elevated intraocular pressure and to enhance 
retinal blood flow and can be administered to patients in need of such treatment with typical pharmaceutcal 
fomiulations such as tablets, capsules, injectables and the like as well as topical ocular formulations in the 
form of solutions, ointments, inserts, gels, and the like. Pharmaceutical formulations prepared to treat 
intraocular pressure would typically contain about 0.1% to 15% by weight, preferably 0.5% to 2% by 
weight, of a compound of this Invention. ^ * .u- 

In the management of hypertension and the clinical conditions noted above, the compounds of this 
invention may be utilized in compositions such as tablets, capsules or elixirs for oral admrnistrabon. 
suppositories for rectal administration, sterile solutions or suspensions for parenteral or intramuscular 
administration, and the like. The compounds of this invention can be administered to patients (animals and 
human) in need of such treatment in dosages that will provide optimal pharmaceutical efficacy. Although the 
dose will vary from patient to patient depending upon the nature and severity of disease, the fatients 
weight special diets then being followed by a patient, concurrent medication, and other factors which those 
skilled'in the art will recognize, the dosage range will generally be about 1 to 1000 mg. per patient per day 
which can be administered In single or multiple doses. Perferably. the dosage range will be about 2.5 to 
250 mg per patient per day; more preferably about to 75 mg. per patient per day. 

- The compounds of this invention can also be administered in combinatton with other antihypertensives 
and/or diuretics and/or angiotensin converting enzyme inhibitors and/or calcium channel blockers. For 
example the compounds of this invention can be given in combination with such compounds as amikande. 
atenolol bendroflumethiazide. chfcirothalidone. chlorothiazide, clonidine. cryptenamine acetates and cryp- 
tenamine tannates. deserpidine. diazoxWe. guanethidene sulfate, hydralazine hydrochloride, hydroch- 
lorothiazide, metolazone. metoprolol tartate, methyclothiazide. methyldopa, methyldopate hydrochtonde. 
minoxidil, pargyline hydrochloride, polythiazide. prazosin, propranolol, rauwolfia serpentina, resclnnamine. 
reserpine. sodium nitroprusslde. spironolactone, timolol maleate. trichlomiethiazide. trimethophan cam- 
sylate benzthiazide. quinethazone. ticrynafan. triamterene, acetazolamide. aminophylline. cyclothiazide. 
ethacrynic acid, furosemide. merethoxylline procaine, sodium ethacrynate. captopril. delapril hydrochloride, 
enalapril. enalaprilat. fosinopril sodium, lisinopril. pentopril. quinapril hydrochloride, ramapnl, teprotde. 
zofenopril cakaum. diflusinal. diltiazom. felodipine. nicardipine, nifedipine, niludipine. nimodipine. nisoldlplne. 
nitrendipine, and the like, as well as admixtures and combinations thereof. 

Typically the indivWual daily dosages for these combinations can range from about one-fifth of the 
minimally recommended cBnical dosages to the maximum recommended levels for the entitles when they 

Tolnus^^ these combinations, one of the angiot nsin It antagonists of this invention effective clinically 
; in th 2 5-2^ milligrams per day rang can be effectively combined at lev Is at th 0.5-250 milligrams per 
day range with the following compounds at the indicated per day dos range: hydrochlorothiazide (15-200 
mg) chlorothiazide (125-2000 mg). ethacrynic add (15-200 mg). amikjrid (5-20 mg). furosemide (5-80 mg , 
-propranolol (20-480 mg). timolol maleate (5-60 mg.). m thyldopa (65-2000 mg), f lodipine (5-60 mg). 
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nifedipin (5-60 mg), and nitrendipine (5-60 mg). fn addition, triple drug combinations of hydrochlorothiazide 
(15-200 mg) plus amiloride (5-20 mg) plus angiotensin II antagonist of this invention {3-200 mg) or 
hydrochlorothiazide (15-200 mg) plus timolol maleate (5-60) plus an angiotensin II antagonist of this 
invention (0.5-250 mg) or hydrochlorothiazide (15-200 mg) and nifedipine (5^ mg) plus an angiotensin II 

5 antagonist of this invention (0.5-250 mg) are effective combinations to control blood pressure in hyperten- 
sive patients. Naturally, these dose ranges can be adjusted on a unit basis as necessary to permit divided 
daily dosage and. as noted above, the dose will vary depending on the nature and severity of the disease, 
weight of patient, special diets and other factors. 

Typically, these combinations can be formulated into pharmaceutical compositions as discussed below. 

to About 1 to 100 mg. of compound or mixture of compounds of Formula I or Formula la or a 
physiologically acceptable salt thereof is compounded with a physiologically acceptable vehicle, canrier. 
excipient. binder, preservative, stabilizer, flavor, etc., in a unit dosage form as called for by accepted 
pharmaceutical practice. The amount of active substance in tiiese compositions or preparations is such tiiat 
a suitable dosage in the range Indicated is obtained. 

IS Illustrative of tiie adjuvants which can be incorporated in tablets, capsules and the like are the following: 
a t>inder such as gum tragacanth. acacia, corn starch or gelatin; an exctpient such as microcrystalline 
cellulose; a disintegrating agent such as com starch, pregelatinized starch, alginic acid and tiie like: a 
lubricant such as magnesium stearate; a sweetening agent such as sucrose, lactose or saccharin; a 
flavoring agent such as peppermint, oil of wintergreen or cherry. When \he dosage unitform is a capsule, it 

20 may contain, in addition to materials of the above type, a liquid carrier such as fatty oil. Various otiier 
materials may be present as coatings or to otherwise modify the physical form of tiie dosage unit. For 
instance, tablets may be coated with shellac, sugar or both. A syrup or elixir may contain the active 
compound, sucrose as a sweetening agent, methyl and propyl parabens as preservatives, a dye and a 
flavoring such as cherry or orange flavor. 

2S Sterile compositions for injection can be formulated according to conventional pharmaceutical practice 
by dissolving or suspending tiie active substance in a vehicle such as water for injection, a naturally 
occuring vegetable oil like sesame oil, coconut oil, peanut oil, cottonseed oil, etc.. or a syntiietic fatty 
vehicle like ethyl oleate or the like. Buffers, preservatives, antioxidants and the like can be incorporated as 
required. 

30 The following examples illustrate the preparation of the compounds of formulas (1) and (la) and their 
Incorporation Into pharmaceutical compositi'ons and as such are not to be considered as limiting the 
invention set forth in tiie claims appended hereto. 



as . -EXAMPLE 1 



Preparation of 2-butyl«4'amino-5-carbomethoxy-l -[(2'-(tetra2ol-5-y l)biphen-4*yl)methyl}midaizole 
40 "* 

Step A: Preparation of ethyl valeramidate 

To lOOg (1.20mol) valeronitrile was added 71 mL absolute ethanol (56g, 122mol. l.Oleq) and the 
45 mixture cooled to 0^ under nitrogen. Dry hydrogen chloride gas was bubbled through the solution for one 
hour and then the mixture was allowed to warm to room temperature and stir overnight. 

The mixture was stripped of all volatiles In vacuo at 40^; the residue slowly solidified to a pale yellow, 
low-melting solid. This solid was triturated with SOOmL of dry ether, filtered and washed with generous 
portions of dry ether. The titied compound was ttius obtained as a hygroscopic white solid. 
50 NMR (300MHz, CD3OD): 1.02 (t3H). 1,45 (m,2H). 1.53 (t,3H). 1.74 (m,2H), 2.69 (t,2H). 4.46 (q,2H). 



Step Bt: Preparation of N*cyano-(ethyivaleramidate) 

55 To a solution of 2.0g (12.1mmol) of th product of Step 1(a) in 3mL absolute ethanol at room 
temperature was added .5lg of cyanamide (l2.1mmol. I.Oeq). After stirring overnight at room temperature, 
precipitated ammonium chloride was filt rerd off and the filtrate stripped of solvent in vacuo. The residue 
was r dissolved in ethyl acetate, filtered, and purified by medium pressure liquid chromatography on silica 
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gel. eluting with ethyl acetate. In this manner, the titled compound was obtained as a colorless liquid. 
NMR (200MHz. CDCb): 0.95 (t3H). 1-35 (t.3H), 1.4 (m,2H). 1.68 (m,2H), 2.68 (t.2H), 4.30 (q,2H). 

5 Step C: Preparation of N -cyano-N-fcarbomethoxy) methyl)valeramldate 

To a solution of 1.474 mg (9.56 mmol) N*cyano(ethyl valeramldate) (Example 1, Step B) in 3 mL 
absolute methanol at room temperature was added 1.44 g (11.5 mmof. 1.2 eq) methyl glycinate hydrochl- 
roide followed by 6.67 mL triethylamine (4.84 g. 47.9 mmol. 5 eq). The mixture was stlred at room 
70 temperature overnight then filtered and the filtrate concentrated in vacuo to a gummy residue. The residue 
was taken up In 50 mL of ethyl acetate and washed with 5% aqueous citric acid (2x) and bnne (1x). The 
organic layer was removed, dried over magnesium sulfate, filtered and solvents removed in vacuo. The 
residue was purified by medium pressure liquid chromatography on sllcia gel, eluting with hexane/ethyl 
acetate (1:1). The title compound (0.998 g, 5.06 mmol. 53%) was thus obtained as a pale yellow oil that 
75 slowly solidified upon standing. 

NMR (300 MHz. CDCh): 0.94 (t.3H), 1.41 (m,2H). 1.69 (m,2H). 2.62 (t.2H), 3.78 (s.3H), 4.06 (d.2H), 6.5 
(br s. 1H). 

EI-MS: 197(M\ 11%). 

20 

Step D: Preparation of 2'Cyana4'-methylbiphenyl 

A solution of 4-bromotoluene (310 g. 1.81 moles) in 1500 ml of anhydrous ether was cooled to an 
intemal temprature of -65 * C (slurry forms at - -6 * C) under nitrogen. A solution of t-butyllithium (1 .7 M in 

25 pentane, 2.2 L, 3.74 moles) was added over a period of -90 minutes (internal temperature maintained below 
-55 *C). The cooling bath was then replaced with water baths which brought the reaction mixture up to 
+20*C over 45 minutes and the white slurry was stirred an additional 2 hours at room temperature (most 
solids dissolved). The contents of this flask were then transferred under nitrogen pressure via a 1/8" plastic 
cannula to a stirred solution of ZnClz In ether (1M, 1.86 L) and THF (3.7 L) over 25 minutes (a cool water 

30 bath was used to maintain an Internal temperature of 25 'C). The reaction mixture was stinted at room 
temperature for 2 hours. The appearance may vary from a clear solution with white flocculent precipitate to 
a mixture with heavy white solids. The reaction mixture was then transfenred (via a 1/4" cannula under 
vacuum) to a solution of 2-bromobenzonitrile (220 g, 1.2 moles) and bis(triphenylphosphine) nickel (II) 
chloride (22 g. .0337 moles) in THF (3.1 L) at room temperature over 20 minutes. The internal temperature 

35 rose to 35 *C during additions but subsided when complete. The dark red solution was stirred at room 
temperature overnight The reaction mixture was then added carefully In portions to ice cold IN HCI (*15 L) 
stinred rapidly in a large extractor. The organic layer was separated and the aqueous phase extracted with 
ether (3x2 L). The organic layers were combined and washed with water (2x2 L), brine, dried over MgSO* 
and filtered through a plug of silica gel. The solution was concentrated to give the crude product as an oily 

40 solid (275 g). The material was then purified on a silica gel column (3 kg of E. Merck SiO260, 70-230 mesh) 
using methylene chloride^iexane (1:4) to give 196 g (85%) of the title compound as a low melting (46- 
49.5* C) solid. NMR (CDCb): 2.22 (s, 3H). 7.24-7.78 (8H). 



45 Step E: Preparation of trimetiiylstannyl azide 

To a concentrated solution of sodium azide (1.2 kg, 18.5 moles) in water (3 L), a solution (required a 
littie warming) of trimethyltin chloride (600 g, 3 moles) in dioxane (400 ml) was added in three portions with 
vigorous stirring. The immediate formation of a white precipitate was observed and no exotherm was 
50 recorded. The mixture was stinred overnight at room temperature. The solids were filtered, washed witii 
water, dried under suction in the funnel and tiien over PaOs under vacuum. Yield 541 g (88%); mp 120- 
122* C. The material was used without further purification. 

55 Step F: Preparation of S-(4'-methyibiphen-2-yl)tetra2ole 

To a solution of 390 g (2.02 moles) 2-cyano-4'-metiiylbiphenyl (Example 1 , Step D) in toluene (2.3 I) 
-was added trimethylstannyl azide (Example 1, Step E)(525g, 2.55 moles) at room t mperatur . The mixture 
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was refluxed for 24 hours, cooled to room temperature, filtered, wash d with toluene and sucked "dry" In a 
funnel. This gave the d sired Intermediate as a moist cake (1 kg). A small portion was dri d further to give 
a white solid, mp 261-266.5* C (dec.). NMR (DMSO-ds): 0,35 (s. 9H). 2.23 (s. 3H). 6.96 (dd. 4H). 7.44 (m. 
4H). 

5 The Intermediate was re-suspended in toluene (3.5 L) and THF (250 ml) was added. Anhydrous HCI 
was bubbled in at a moderate rate at room temperature to give a clear solution {--45 minutes). Addition of 
HCI gas was continued for another 20 minutes with stirring whereupon a white precipitate appeared. The 
HCI bubbler was removed and the mixture stinred at room temperature overnight (convenient). The solid 
product was filtered, washed with toluene followed by ether and then dried under vacuum. This produced 

w 250 g of the title compound, mp 152-154* C; NMR (CDCb): 2.4 (s. 3H). 7.19 (dd. 4H). 7.4 (dd, IH). 7.55 (m. 
2H). 82S (dd. IH). May be crystallized from toluene. 

Step G: Preparation of N-triphenylmethyl-5-(4'-methytbiphen-2-yl)tetra20le 

15 

To a cloudy solution of 250 g (1.06 moles) of the product from Step F in methylene chloride (4 L) was 
added triphenylmethyl chloride (310 g. 1.11 moles) at roorn temperature. The reaction mixture was stinred 
and triethylamtne (190 ml. 138 g, 1.36 moles) was added In portions. After addition, the mixture was stinred 
at reflux (-40* ) for 90 minutes. The solution was cooled to room temperature, washed with water (2x1 L). 
20 dried over MgSOi. filtered through a silica gel plug and concentrated on the rotovap to a solid. This was 
crystallized from toluene to give the title compound as an off-white solid (425 g. a4%);mp 166-168* C:NMR 
(CDCl3):2.28 (s.3H). 6.9-7.05 (m.-IOH). 7.2-7.5 (m.--12H). 7.9 (dd.lH). 

25 Step H: Preparation of N-triphenylmethyl-5-(4'-bromomethylbiphen-2-yl)tetrazole 

To a solution of 425 g (0.89 moles) of N-triphenyImethyl-5-t2-(4'-methylbiphenylyl)]tetrazole in CCU (4.0 
L) were added freshly opened N-bromosucdnlmide (159 g. 0.89 moles) and dibenzoyt peroxide (22 g. 0.089 
moles). The mixture was refluxed for 2 hours, cooled to room temperature and filtered. The filtrate was 
30 concentrated in vacuo to give a thick oil. The addition of ether (-2.0 L) to this oil resulted in a clear solution 
followed by crystallization, filtration gave the title compound as a white solid (367 g. 74%). mp 137- 
139.5* C; NMR (CDCl3):4.38(s.2H).6.9-8.0(m.-23H). There is a trace of starting material still present. 

35 Step I: Preparation of 4-amino-2-butyi-5-carbometiioxy-1-[(2'-(N-triphenylmethyitetrazol-5-yi)biphen-4-yl)- 
metiiypimidazole 

To a solution of 137 mg (0.69 mmol) (N'-cyano-N*(carbomethoxy)methylvaleramidate (Step C) in 1 mL 
dry dimethyl fonmamide at room temperature was added 33 mg of sodium hydride (60% oil dispersion: 0.83 
40 mmol. 1.2 eq). After 15 minutes, a solution of 386 mg (0.69 mmol. 1.0 eq) N-triphenylmetiiyl-5-(4'- 
bromomethylbiphen-2-yl)tetrazole (Step H) was added and tiie mixture stinred at room temperature for 14 
hours. The mixture was treated with one drop of glacial acetic acid tfien added to 30 mL ethyl acetate and 
washed once with 5% aqueous citric acid and once with brine. The organic layer was removed, dried over 
MgS04, filtered and solvents removed in vacuo . The residue was purified by medium pressure liquid 
45 chromatography on silica gel. eluting with etiiyl acetate to afford 172 mg (0.26 mmol. 37%) of the titie 
compound as a pale yellow foam. 

NMR (300 MHz, CDCb): 0.83 (t.3H). 1 .25(m.2H).1 .58 (m.2H). 2.40 (t.2H). 3.67 (s.3H). 4.9 (br s. 2H). 5.29 
(S.2H), 6.80 (d.2H). 6.90 (d,6H). 7.05 (d.2H). 7.2-7.5 (m.12H). 7.88 (d,1H). 

FAB-MS: 674 (M -f H. 8%)» 243 (ferilyl + . 100%). 

so 

Step J: Preparation of 4-amino-2-butyl-5-carbomethoxy-1-(2'-(tetrazol-5-yl)biphen-4-yl)methyrimidazole 

To a solution of 47 mg (0.070 mmol) 4-amino-2-butyl-5-carbometh6xy-1-(2'-(N-triphenylmetiiyltetrazol-5- 
55 yl)biphen-4-yt)m6thyiimidazole (Example 1. Step 1) in 1 mL glacial acetic acid was added 1 mL distilled 
water and the mixture stirr d at room temperature for 14 hours. Ail volatiies were removed in vacuo and tiie 
residue purified by medium pr ssur liquid chromatography on silica, eluting with ethyl 
acetate/ac tonitrile/methanol (9:1: .5). to afford 24 mg (0.056 mmol. 79%) of the title compound as a pale 
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yellow powder. 

NMR (300 MHz. CD3OD): 0.92 (t.3H), 1.37 (m,2H). 1.58 (m.2H. 2.66 (t,2H), 3.77 (s.3H), 5.51 (5.2H). 7.03 
(d.2H). 7.13 (d,2H). 7.6 (m,2H). 7.7 (m.2H). 
FAB-MS; 432 (M + H,100%). 

EXAMPLE 2 



2-Butyl-5<arbomethoxy-4'(methyiamino)-V(2''(tetra20l-5-yl)biphen>4-yl)methyllm 

Step A: Preparation of 2-butyl-5-carbomethoxy-4-(rnethylarnirio)-1-(2'-(N-triphenyimethyftetra2ol-5-yl)^^^ 
4-y()rnethylimida2ole^ nd 2-butyl-S-carbomethoxy-4-(dimethylamino )-1-(2 -(N-triphenylmethyftetrazof-S-yi)- 
biphen-^-yOmethylimidazoie 

To a solution of 103 mg (0.15 mmol) 2-butyl-4-amino-5-carbomethoxy-1-(2'-(N-triphenylmethyltelrazol-5- 
yl)biphen-4-yl)methyllmida20le (Example 1 . Step I) in 1 mL dry DMF at room temperature was added 7 mg 
sodium hydride/oil dispersion (60% dispersion: 0.18 mmol, 1.1 eq). After 15 minutes at room temperature, 
two drops of methyl iodide were added and the mixture capped tightly and stirred at room temperature for 
16 hours. Two drops of glacial acetic acid were added and the mixture diluted into 20 mL ethyl acetate and 
washed with pH 7.0 phosphate buffer, (2x) and brine (lx). The organic layer was removed, dried over 
magnesium sulfate, filtered and stripped; the residue was purified by medium pressure liquid chromatog- 
raphy on silica, eluttng with ethyl acetate/hexane (2:1) to afford 65 mg of a 2:1 mixture of mono* and di- 
methylated products in addition to 23 mg of recovered starting material. 

Step B: Preparation of 2'butyl'5'parbomethoxy-4-(methylamino)-1-(2 ^tetra20l-5-yl)biphenyi]-4'yi)- 
methylirfiidazoie and " 2-butyl-5-carbomethoxy-4-(dimethy lamlno)-1 -(2 -(tetrazol-5-yl)blphen-4-yl)- 
methylimidazole 

65 mg of the mixture of intermediates described in Step A above was dissolved in 2 mL glacial acetic 
acid and treated with 2 mL distilled water for 18 hours at room temperature. All volatiles were removed in 
vacuo and the residue purified by reverse phase HPLC on C18. eluting with methanol/0.1% aqueous 
trlfluoroacetic acid (gradient: 65% MeOH to 75% MeOH linearly over 10 minutes). In this manner. 27 mg 
(0.061 mmoL 40%) of the title compound, 2-butyl-5-carbomethoxy-4-(methylamino)-1-(2'-(tetrazol-5-yI)- 
biphen-4-yl)methylimidazole in addition to 12 mg of the dimethyl compound (Example 3) were isolated. 

NMR (300 MHz. CD3OD): 0.94 (t.3H), 1.41 (m^H). 1.46 (m^H), 2.92 (t.2H). 3.08 (s.3H). 3.81 (s.3H), 
5.72 (s,2H). 7.16 (m,4H). 7.6-7.8 (m.4H). 

FAB-MS: 446 (M + H.100%) * * 



EXAMPLE 3 



2-Butyl-5-carbomethoxy-4-(dimethylamino)-1-(2'-(tetrazol-S-yl )biphen-4-yi)methylimidazote 

As described in Example 2 (Step 6), 12 mg (0.026 mmol, 17%) of the title compound was obtained 
from HPLC ^paration of a mixture of mono and dimethylated compounds. 

NMR (300 MHz, CD3OD): 0.95 (t.3H). 1.42 (m,2H). 1.60 (m.2H). 2.92 (t,2H). 3.12 (s,6H), 3.80 (S.3H). 
5.70 (S^H), 7.11 (d.2H), 7.18 (d.2H). 7.55-7.75 (m.4H). 

FAB-MS: 460 (M-f* H.100%). 

EXAMPLE 4 
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2'Butyi-5<arbometrK)xy-4-(pyrroltdinM-yl)-1-(2-(tetrazoi'5-yl)biph 



Step A: Preparation of 2-butyl'5K:arbom thoxy-4>(pyrro!idiivVyl)-1-(2 ^(N-triphenylmethyltetrazol-S-yl)* 
5 biphen-4-yi)methyiifnidazole 

To a solution of 65 mg (0.096 mmol) 4-amino-2-butyl-5-carbomethoxy-l-(2'-(N-triphenylmethyltetrazol-5- 
yI)biphen-4-yl)methylimidazole (Example 1. Step I) in 0.25 mL dry DMF at room temperature was added 9 
mg of sodium hydride/oil dispersion (60% dispersion, 0.23 mmoL 2.3 eq). After 15 minutes at room 

10 temperature. 20 uL of 1 ,4-dibromobutane was added and the mixture stirred at room temperature for three 
days. The mixture was diluted with 10 mL ethyl acetate and washed with pH 7.0 phosphate buffer and 
brine. The organic layer was removed, dried {MgS04), filtered and solvents removed in vacuo . The residue 
was purified by medium pressure liquid chromatography on silica, eluting with ethyl acetate/hexanes (2:1) to 
afford 42 mg (0.058 mmol, 60%) of the title compound as a colorless oil. 

15 NMR (300 MHz, CDCI3): 0.82 (t.3H). 1.25 (m.2H). 1,55 (m.2H), 1.88 (m.4H). 2.46 (t.2H). 3.46 (m.4H). 
3.60 (S.3H), 5.32 {s.2H). 6.77 {d.2H). 6.91 (d.6H). 7.04 (d.2H). 7.2-7.5 (m.12H). 7.85 (d.lH). 

Step B: Preparation of 2-buty^5<arbomethoxy-4-(pyrrorfdin-1-yl)-H^-<tetrazo>-5*yi)biphen-4-yi)' 
20 methylimidazote 

The intermediate described in Step A above (42 mg, 0.058 mmol) was dissolved in 0.5 mL glacial 
acetic acid and treated with 0.5 mL water for 12 hours at room temperature. All volatiles were removed in 
vacuo and the residue purified by medium pressure liquid chromatography on silica, eluting with ethyl 
25 acetate/acetonitrile/methanol (9:1: .25) to afford 23 mg (0.047 mmol, 49% overall) of the title compound as a 
pale yellow solid. 

NMR (300 MH2. CD3OD): 0^2 (t.3H). 1.39 {m.2H). 1.57 (m,2H). 1.95 (m.4H), 2.70 (t.2H). 3.46 (m.4H). 
3.65 (S.3H). 5.52 (S.2H). 7.00 (d^H). 7.12 (d.2H). 7.55-7.70 (m.4H). 
FAB-MS: 486 (M + H,100%). 

30 

EXAMPLE 5 



35 

4-Acetamido-2-butyl-5-carbornethoxy-1-(2'-(tetra2ol-5-yl)biphen-4-yl)methylimida20l^ 

Step A: Preparation of 4"acetamido-2->butyl-5-carbomethoxy-1-(2''<N*triphenylmethyltetra20t-5^^ 

40 yQmethylimidazote 

To a solution of 86 mg (0.13 mmol) of the intermediate described in Example 1 (Step t) in 2 mL 
methylene chloride at 0* under nitrogen was added 110 uL of diisopropylethyl amine (82 mg. 0.63 mmol. 5 
eq) followed by 14 uL of acetyl chloride (15 mg. 0.20 mmol, 1.5 eq). The mixture was stirred at 0* for one 

45 hour then allowed to warm to room temperature slowly. The mixture was diluted with 5 ml. ethyl acetate and 
washed once with 5% aqueous citric acid and once with brine. The organic layer was removed, dried over 
magnesium sulfate, filtered and solvent removed in vacuo. The residue was purified by medium pressure 
liquid chromatography on silica, eluting with ethyPacetate to afford 72 mg (0.10 mmol, 79%) of the title 
compound as a colorless oil. 

50 NMR (300 MHz. CDCb): 0.83 (t3H). 1.24 (m^H), 1.63 (m.2H). 2.20 (s.3H)» 2.52 (t2H). 3.66 (S.3H), 5.46 
(S.2H). 6.76 {d,2H). 6.92 (d.6H). 7.08 (d.2H). 7.2-7.4 (m.lOH). 7.45 (mjiH). 7.88 (m.lH). 

Step B: Preparation of 4-acetamido-2-t)utyi-5-carbomethoxy-1-(2'-(tetrazol-5-yi)biphen-4-yl) methylimidazole 

55 

65 mg (0.09 mmol) of the intermediate described in Step A abpve was dissolved in 0.5 mL glacial 
acetic acid at room temperatur and treated with 0.5 mL distilled wat r for fourt en hours. All volatiles were 
removed in vacuo and th residue purifi d by medium pressure liquid chromatography on silica, eluting 
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with thy! ac tate/ac tonitrile/methanol (9:1:0,25) to afford 32 mg (0.068 mmof. 74%) of the title compound 
as a white powder. 

NMR (300 MHz. CDCb): 0.88 (t.3H), 1.32 (m.2H), 1.68 (m,2H). 2.26 (s.3H). 2.62 (t.2H). 3.71 (s.3H). 5.05 
(S.2H). 6^5 (d.2H). 7.11 (d.2H), 7.39 (d.lH). 7.55 (m.2H). 7.98 (d.lH). 
5 ' FAB-MS: 474 (M + H.28%) 



EXAMPLE 6 

TO 

4-Acetoxyacetamido-2-butyl-5H:arbomethoxy^1-(2'-(tetrazoi-S-yl)biphen-4-yOrnethylirni 

fs Step A: Preparation of 4-acetoxyacetamido-2-butyl-5-carbomethoxy*1-(2'-(N-triphenylfnethyltetra2Ql-S-yl)« 
biphetv4-yl)methyllmidazole 

To a solution of 110 mg (0.16 mmol) of the intermediate described in Example 1 (Step I) in 1 mL 
methylene chloride at 0* under nitrogen was added 85 uL of diisopropyfethyl amine (63 mg. 0.49 mmol. 3 

20 eq) followed by 26 uL of acetoxyacetyl chloride (33 mg, 0.24 mmol, 1.5 eq). The mixture was stirred at o' 
for one hour then diluted with 10 mL ethyl acetate and washed once with 5% aqueous citnc acid and once 
with brine. The organic layer was removed, dried over magnesium sulfate, filtered and solvent removed in 
vacuo . The residue was purified by medium pressure liquid chromatography on silica, eluting with ethyl 
acetate/hexane (2:1) to afford 115 mg (0.15 mmol. 91%) of the title compound as a coloriess glass. 

25 NMR (300MH2, CDCb): 0.84 (t.3H). 1.29 (m.2H). 1.64 (m,2H). 2.23 (8.3H). 2.55 (br t2H). 3.69 (s.3H). 4.8 
(br s. 2H), 5.35 (s.2H). 6.78 (d.2H). 6.93 (d.6H). 7.09 (d.2H). 7.2-7.4 (m.lOH). 7.47 (m.2H). 7.89 (m,1H). 
FAB-MS: 773 (M*.6%). 243 (Tr*. 100%). 

3D Step B: Preparation of 4-acetoxyacetamido-2-butyl'5-carbomethoxy*1-(2'-(tetrazol-5-yl)biphen'4-yi)- 

methylimidazole 

110 mg (0.14 mmol) of the intermediate described in Step A above was dissolved in 1 mL glacial acetic 
acid at room temperature and treated with 1 mL distilled water for fourteen hours. All volatiles were 
35 removed in vacuo and the residue purified by medium pressure liquid chromatography on silica, eluting 
with ethyl acetate/acetonitrile/methanol (9:1:0.25) to afford 62 mg (0.12 mmol, 82%) of the title compoun6 as 
a colorless glass. 

NMR (300MHz. CDCI3): 0.80 (br t.3H). 1.25 (br m.2H). .1.54.(br m.2H). 2.20 (s.3H). 2.46 (br m.2H). 3.73 
(S.3H). 4.55 (br s,2H), 5.38 (S.2H). 6.84 (d.2H). 7.09 (d.2H). 7.37 (d.lH), 7.50 (m.2H). 7.85 (d.lH). 
40 FAB-MS: 532 (M + H.100%) 



, - EXAMPLE 7 

45 

fKAminoacetyl)ainrtino-2-butyl'S-carbomethoxy-1-(2'-(tetrazol-5"yl)bi^ 

50 Step A: Preparation of 2-butyM<fitoroacetamido-5<arbomethoxy-1-(2''(N'triphenyimethyltetrazof*5^^^ 
biphen-4'yl)rn8thyHmidazole 

To a solution of 142 mg (0.21 mmol) of the intermediate described in Example 1 (Step I) in 2 mL 
methylene qhlorid at 0* under nitrogen was added 60 uL of triethyl amine (44 mg. 0.43 mmol. 2 eq) 
55 followed by 20 uL of chloroacetyl chloride (28 mg. 0.25 mmol. 1.2 eq). The mixture was stirred at 0* for 
one hour then warm d to room temperatur and stirred an additional hour. The mixtur was diluted with 30 
mL thyl acetate and washed with 5% aqueous citric acid (2x) and brine (1x). The organic layer was 
~ removed, dried over magnesium sulfate, filtered and solvent r moved in vacuo. The r sidu was purified by 
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medium pressure liquid chromatography on silica, eluting with ethyl acetate/hexanes (2:1) to afford 129 mg 
(0.17 mmol. 82%) of the title compound as a white, crusty foam. 

NMR (300MH2, DMSOdc): a76 (t3H), 1.18 (m^H). 1.48 (m;2H). 2.45 (s.3H), 3.61 (s.3H). 4.30 (s. 2H). 
5.48 (s,2H). 6.9 (m.8H). 7.05 {d.2H)» 7.3-7.6 (m.12H). 7.79 (d.lH). 
5 FAB-MS: 750 (M + H,5%). 243 (Tr* .1 00%). 

Step B: • Preparation of 4-(t-butoxycarbonylamino) acetyl'2-butyi-5-carbomethoxy-1 -(2 -(N* 
triphenylmethyltetrazol-5'yl)bipherM-yl) methyllmldazole 

10 

Ammonia was slowly bubbled through a solution of 82 mg (0.1 1 mmol) of the Intermediate described in 
Step A above in 2 mL dry DMF at 60* for three hours. All volatiles were removed in vacuo, the residue re- 
dissolved in 2 mL methylene chlonde and treated with excess (ca. 0.5 mL) di-t-butyldicarbonate. After 30 
minutes at room temperature, all volatiles were removed in vacuo and the gummy residue extracted with 

15 several small portions of ethyl acetate. The combined exfracts were concentrated to dryness and purified 
by medium pressure liquid chromatography on silica, eluting with ethyl acetate/Tiexanes (2:1) to afford 72 
mg (0.087 mmol, 79%) of the title compound as a white foam. 

NMR {300MHz. CDCh): 0.83 (t3H). 1.26 (m.2H), 1.46 (s.9H), 1.62 (m.2H). 2.52 a2H), 3.69 (s.3H). 5.34 
(S.2H), 6.75 {d.2H). 6.91 (d.6H). 7.07 {d,2H). 7.2-7.5 (m.12H), 7,88 (d.lH). 

20 FAB-MS: 831 (M + H.38%) 

Step C: Preparation of 4-(aminoacetyl)amino-2-butyt'5-carbomethoxy-1-(2'-(tetra^ol'5-yi)biphen'4'yl)- 
methyKmidazoie 

25 

To a solution of 70 mg (0.084 mmol) of the intermediate described in Step B above in 1 mL glacial 
acetic add at room temperature was added 0,5 mL 6N HCI and the mixture stirred for two days. All volatiles 
were removed in vacuo and the residue purified by reverse phase. HPLC on G-18. eluting with 
methanol/0.1% aqueous trifluoroacetic acid (gradient: 70% methanol Increased linearly to 80% methanol 
30 over ten minutes). The title compound, as its trifluoroacetate salt (46 mg, 0.076 mmol. 91%) was thus 
obtained as a white powder. 

NMR (300MHz. CO3OD): 0.95 {t3H). 1.30 (m.2H). 1.65 {m.2H), 2,78 {m.2H). 3.83 (s.3H). 4,1 (br s^H). 
5.66 (S.2H). 7.05 (d.2H), 7.16 (d^H), 7.6-7.8 (m.4H). 

FAB-MS: 489 (M -1-^100%). 

35 

EXAMPLES 



40 

, 2-Bgtyl-4-[N-methyl-N-[(ben2yloxycartx)nyi )acetyl]] amlno-5-carbomethoxy-1 -((tetrazol-5'yi)biphen-4-yl) 
methyllmldazole 

''^ ^tep A: Preparation of 2-butyl-4-(methylamino)-5-carbomethoxy-l-(2'-(N'triphenylmethyl) tetrazQl-5-yl)- 
biphen^yOmethylimidldazoie 

To a solution of 217 mg (0.322mmol) 4-amino-2-butyl-5-carbomethoxy-H(2'-(N-triphenylmethyl)tetrazol- 
5-yl)biphen-4-yl)methylimidazole (Example 1. Step \) in 2mL dry dimethytformamlde at room temperature 
50 under nitrogen was added I7mg of 60% sodium hydride/oil dispersion (lOmg NaH, 0.43mmol, l.3eq). After 
15 minutes at room temperature, two drops of methyl iodide ware added; the flask was stoppered tightly 
and the mlxturid stirred overnight. 

* ^The mixture was added to 50mL ethyl acetate and washed once with pH 7 phosphate buffer and once 
with brine. The organic layer was removed, dried ov r magnesium sulfate, filtered and solvents removed in 
55 vacuo. Th refsidue was purified by medium pressur liquid chromatography on silica geK eluting with ethyl 
acetatie/hexan (2:1) to afford i8Qmg (0.262mmol. 81%) of the title compound which was contaminated with 
approximat ly 15% of dimethylated material. 

. NMR (200MH2. CDCb): 0.83 (t.3H). 1.22 (m^H). 1.58 (m^H). 2.46 (t.2H), 3.06 (d.3H). 3.63 (s.3H), 5.29 
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(S.2H), 5.5 (br s.lH), 6.78 {d.2H). 6.92 (d.6H), 7.15 (d.2H). 7.2-7.5 (m,12H). 7.88 (m.lH). 



Step B: Preparation of 2-butyh4"[N-methyl-N-[(benzyloxycart)onylamlno)ac9tyl]]arnino-5^carbomethoxy«1^^ 
5 (2 ■(N^lphenylmethylTtetra2ol-5-yl)biphen-4-yl]methylimida2oie 

370mg (1.77mmol. 10eq.) of N-carbobenzyloxy glycine was dissolved in 2mL dry methylene chloride at 
0* under nitrogen and treated with 184mg (0.89mmol. 5eq.) dicyclohexylcarbodiimide. The mixture was 
stirred at 0* for 30 minutes then a solution of 123mg (0.18mmol. 1,0eq.) of the product of Step A in ImL 
70 methylene chloride was added and the mixture allowed to warm to room temperature and stir overnight. 

The mixture was added to 50mL ethyl acetate, filtered and the filtrate washed twice with saturated 
aqueous sodium bicarbonate and once with brine. The organic layer was removed, dried over magnesium 
sulfate, filtered and solvents removed in vacuo. The residue was purified by medium pressure liquid 
chromatography on silica gel, eluting with ethyl acetate/hexane (2:1) to afford iBOmg (0.262mmol. 81%) of 
rs the title compound which was contaminated with approximately 1 5% of dimethylated material. 

NMR (200MH2, CDCb): 0.83 (t.3H). 1.22 (m,2H), 1.58 (m.2H), 2.46 (t;2H), 3.06 (d.3H). 3.63 (s,3H). 5.29 
(s,2H), 5.5 (br s,1H). 6.78 (d.2H). 6.92 (d.6H). 7.15 (d.2H), 7.2-7.5 {m.12H). 7.88 (m.lH). 



20 Step C: Preparation of 2-butyl"4»[N-metiiyl'N-[(benzyloxycarbonylamlno)acetyll]amlno-5-carbomethoxy-1- 

(2 -(tetra20l-5-yl)biphen-4'yl)methynmidazo(e 

124mg (0.14mmol) of tiie product of Step B in 4mL glacial acetic acid was treated with 4mL distilled 
water and tiie resulting mixture stin^d 18 hours at room temperature. 
25 All volatiles were removed in vacuo and the residue purified by medium pressure liquid chromatog- 
raphy on silica gel, eluting with ethyl acetate/acetonitrile/methanol (9:1:0.5)) to afford 85mg (0-l3mmol, 95%) 
of the title compound as a pale yellow foam. 

NMR (200MHz, CDCb): 0.94 (t.3H), 1.42 (m.2H). 1.78 (m,2H). 2.81 (t2H). 3,21 (s.3H), 3.68 (d.2H). 3.73 
{s,3H). 4.88 (s,2H). 5.46 (s.2H). 5.76 (br t.1H), 6.92 (d.2H). 7.0-7.6 (m.lOH). 7.86 (d,1H). 
30 FAB-MS: 637 (M + H,100%). 



EXAMPLE 9 

35 

2-Butyl-4-[N-methyl-N-aminoacetyl}amino-5-carbometfioxy-1-(2'-(tetra20h5-yl)blphen-4-yl^ 

A solution of 72mg (O.llmmol) of the compound described In Example 8 (Step C) was dissolved fn 2mL 
40 methanol and hydrogenated at 1 atmosphere over 15mg of 10% Pd(0H)2/C for one hour. The reaction 
mixture was filtered through Celite and solvent removed under vacuum to afford 55mg (O.IOmmol. 91%) of 
tiie title compound as a colorless glass. 

NMR (200Hz. COsOD): 0.88 (t,3H). 1.34 (m.2H). 1.62 (m.2H). 2.72 (t.2H).3.20 {s.3H). 3.52 (s,2H), 3.76 
(S,3H), 5.60 (S.2H), 6.98 (d.2H), 7.08 (d.2H). 7.52 (m^H). 7.60 (m.2H). 
45 FAB-MS: 503 (M ^ H.100%). 



EXAMPLE 10 

50 

2-Butyl-4-methyl-1-(2*-(tetrazol-5-yl)biphen-4-yl) mettiyH A6.7-teti'ahydroimlda20[4,5'eH1 .4]d!a2eplne-5.a- 
dlohe • - 

55 A solutiofi of 50mg (0.099mmol) of ttie compound described in Example 9 dissolved In 5mL dry DMF 
was treated with 5mg (0.04mmol, 0.4eq) 4-(dim thylamino)pyridin and the resulting solution heated at 
140* under nitrogen for one hour. All volatiles were removed under vacuum and the residue puritied by 
reverse phase HPLC on C-18 eluting with methanol/0.1% aqueous trifluoroacetic acid (gradi nt: 75% 
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methanol to 85% methanol linearly over ten minutes). In this manner, I9mg (0.040mmol. 41%) of the title 
compound was obtain d as a colorless glass. In addition, 25mg (0.047mmol. 47%) of the more mobil N- 
formyl derivative of the starting material was obtained as a by-product. 

NMR (200MH2. CD3OD): 0.87 (1.3H). 1.34 (m^H). 1.58 (m.2H). 2,66 (t.2H), 3.39 (s.3H). 3.80 (S.2H). 5.55 
5 (s^H). 7.05 (s,4H). 7.5-7.7 (m,4H). 

FAB-MS: 471 (M + H.60%). 



EXAMPLE 11 



2-Butyl'4-[N'methyi-N-[N'-formyllaminoacetyl]amlno-S<arbomethoxy-1-((tetra2ol-5"y()biphen 
methylimldazole 

The title compound was isolated as a colorless glass as described in Example 10. 
NMR {200MH2. CD3OD): 0.87 (t3H). 1.33 (m.2H). 1.60 (m,2H). 2.69 (t.2H).3.18 (s,3H). 3.73 {s.3H). 3.85 
(s^H). 5,53 (siH). 7.00 (d^H). 7.11 (d,2H). 7.5-7.7 {m.4H), 8.07 (br S.IH). 
FAB-MS: 531 (M + H,l 00%). 



EXAMPLE 12 



25 

4>Am!no-2-butyl-5-cartx)ethoxy-1-(2'-carboxybiphen'4«yl)methyllmida2ole 
Step A: Preparation of N^-cyano-N-[(cartx)ethoxy) methyl>valeramidine 

30 

To a solution of lOOmg (0.65mmol) N*cyano-(ethyIvaleramidate) (Example 1. Step B). in 2mL absolute 
ethanol at room temperature was added lOOmg (0.72mmol. 1.1 eq) ethyl glycinate hydrochloride followed by 
0.30mL triethylamine (220mg. 2.16mmol, 3.3eq). The mixture was stirred at room temperature overnight 
then concentrated in vacuo to a gummy residue. The residue was treated with 20mL of hexane/ethyl acetate 
35 (1:1), stinred vigorously, filtered, and the filtrate purified by medium pressure liquid chromatography on silica 
gel. eluting with hexane/ethyl acetate (1:1). The title compound (1 19mg. 0.56mmol. 87%) was thus obtained 
as a pale yellow oil that slowly solidified upon standing. 

NMR(200MHz,CDCl3): 
0.95(t.3H).1 .28(t3H).1 .42(m^H).1 .72(m^H).2.e5 (t.2H).4.05(d,2H).4.25(q5H),6.7{br s.1 H). 

40 

Step B: Preparation of N'-Cyano-N-(carboethoxymethyiy-N-(2'-t-butoxycari3onylbiphen-4-yl) methyl- 
vaieramidine 

45 To a solution of 119mg (0.56mmol) of the product of Step A in ImL dry DMF at room temperature 
(under H2) was added 23m9 of 60% sodium hydride-oil dispersion (14mg NaH, 0.58mmoi. 1.05eq). After 
15min.. a solution of 195mg {.56mmol. I.Oeq) 4-bromomethyl-2-t-butoxycarbonylbiphenyl in ImL dry DMF 
was added and the mixture stirred at room temperature for 6 hours. [The bromide was synthesized by the 
method of Carini, et aU European Patent Application 253,310 (to DuPont), 1988.] 

50 The mixture was diluted with 30mL ethyl acetate, washed twice with 5% aqueous dtric acid, twice with 
5% aqueous sodium bicarbonate and once with brine. The organic layer was separated, dried over MgSO*. 
filtered and stripped of solvent in vacuo. The crude product was purified by medium pressure liquid 
chromatography on silica g I, eluting with h xane/ thyl acetate (2:1) to afford the title compound as a 
colorless oil. 

55 NMR (300MHz. CDCI3): The NMR spectrum indicates that the product exists as a mixture of 
rotamers In a rati of approximately 80:20. 0.95 (t,3H), 1,25 (t,3H). 1.28 (s.9H). 1.48 (m.2H). 1.74 (m.2H). 
[2.70 (t..2x3H). 2.82 (t..8x3H)]. [4.02 (S..2x2H). 4.10 (s,.8x2H)]. 4.2 (g.2H), (4.70 (3..8x2H). 4.80 (s,.2x2H)], 
7.1-7.8 (m.8H). 
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Step C: Pr paration of 4"amino-2-butyi-5-carbo thoxy-l'(2 -t-butoxycarbonylbiph n-4-yl) methylimidazole 

To a solution of 98 mg (0.21 mmol) of the product of Step B In 2 mL absolute ettianol at room 
temperature was added a solution made from 3mg of sodium hydride (60% oil dispersion; 0.07 mmol, 

5 0.3eq) In ImL absolute ethanol. The mixture was stirred at room temperature for 3 hours then treated with 
several drops of glacial acetic acid. The mixture was added to 30mL ethyl acetate and washed once with 
saturated aqueous sodium bicarbonate and once with brine. The organic layer was separated, dried over 
MgSO*. filtered and solvents removed in vacuo . The residue was purified by medium pressure liquid 
chromatography on silica gel. eluting wilh'ethyl acetate to afford the title compound as a pale yellow oil. 

10 NMR (300MHz, CDCb): 0.85 (t.3H), 1.20 (s,9H). 1.26 (t.3H). 1.32 (m,2H), 2.69 (t.2H). 4.20 (q.2H). 5.0 
(variable, br s.lH). 5.46 (s.2H). 7.03 (d.2H). 7.25 (m.3H). 7.36 (t.lH). 7.45 (t.1H). 7.75 (d.lH), 

Step D: 4-Amino-2-butyi'5-carboethoxy-H2'-carboxybiphen-4-yl)methyllm!da2ole 

fS 

To a solution of 32 mg (0.067 mmol) of the intermediate described in Step C in 1 mL methylene 
chloride at room temperature was added several drops of anisole followed by 1 mL anhydrous trifluroacetic 
acid. After 3 hours, all volatiles were removed in vacuo and the residue purified by reverse phase HPLC on 
CIS eluting with methanol/0.1% aqueous IrifTuoroacetlc add (linear gradient 70% methanol to 80% 
20 methanol over 10 minutes). The title compound (22 mg. 0.052 mmol. 78%) was thus obtained as a light 
yellow powder. 

NMR (300MHz. CD3OD): 0.94 (t.3H), 1.30 (t3H). 1.40 (m.2H), 1.61 (m.2H). 2.94 (t,2H). 4.35 (q.2H), 5.76 
{S.2H). 7.22 (d.2H). 7.38 (m,3H). 7.47 (t.lH), 7.59 (t.lH), 7.86 (d.lH). FAB-MS: 422 (M + H. 100%). 

25 

EXAMPLE 13 



30 2-Butyl-4-methylamino-5-carboethoxy"l-(2«carboxybiphen"4-yl)methylimldazoie 

Step A: Preparation of 243utyl-4HfTiethylamino-5-carboethoxy-1'(2'-t-butoxycarbonylblphen'4-yl)- 
methylimidazoie and 2-butyl-4-dimethylaminO'5K:arboethoxy'1-(2 >t-butoxycarbonylblphen-4-yl)- 
35 methylimidazole 

To a.solution of 92 mg (0.19 mmol) of the Intermediate described in Example 12 (Step C) in 1 mL dry 
dimethyl fomnamide at room temperature was added 9 mg of sodium hydride oil dispersion (60% 
dispersion; 5.4 mg NaH, 0.23 mmol, 1.2 eq). After 30 minutes, a solution of two drops (excess) methyl 

40 iodide in 0.5 mL DMF was added and the mixture stirred at room temperature overnight The mixture was . 
added to 20 mL ethyl acetate and washed with 5% aqueous citric acid and brine. The organic layer was 
separated, dried over magnesium sulfate, filtered and solvents removed in vacuo . The residue was purified 
by medium pressure liquid chromatography on silica, eluting with ethyl acetate/hexane (2:1) to afford 56 mg 
of product in addition to 22 mg (0.05 mmol, 24%) recovered starting material. NMR analysis reveals the 

45 product to be a mixture of 85% mono-methyl and 15% dimethyl derivatives. 

NMR (300MH2, CDCI3): 0.87 (t.3h), 120 (s..9H). 1,21 {t3h), 1.33 (m.2H), 1.62 (m.2H), 2.59 (t,2H0. 2.04 
(d.3H), 4.17 (q,2H). 5.43 (s.2H). 5.55 (br s. 1H). 7.02 (d.2H). 7.23 (d,2H). 7.24 (d.lH), 7.36 (t,1H). 7.45 (tlH), 
7.74 (d,1H). 

FAB-MSS: 492 (M + H, 48%): monomethyl 505 (M + . 22%): dimethyl 

50 

Step B: Preparation of 2-butyM-methylamino-5-carboethoxy-1-(2'-carboxybiphen'4>yl)methylimidazole 

To a solution of 56 mg (ca 0,11 mmol) of the mixture of intermediat s described in Step A above in 2 
55 mL methyl ne chlorid at room temperature was add d two drops of anisol followed by 2 mL anhydrous 
trifluoroacetic acid. Alter thre hours, all v latiles wer removed in vacuo and th r sidu purified by 
revers phase HPLC on CIS eluting with m thanol/0.1% aqueous trifluoroacetic acid (linear gradient 80% 
-inethanol t 85% methanol over 10 minut s). In this manner, 33 mg (0.080 mmol, 66%) of th title 
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compound was obtained in addition to 9 mg (0.02 mn^ol. 17%) of the dimethyl derivative. 

NMR (300MH2. CD3OD): 0.95 (t,3H). 1.26 a3H). 1.41 (m,2H). 1.59 (m.2H). 2.93 (t^H), 3.08 (s.3H). 4.30 
(q^H). 5.73 (s,2H). 7.20 (d^H). 7.38 (d.3H). 7.48 (t.lH). 7.59 {t.1H). 7.85 (d.lH). 

FAB-MS: 436 ( + H. 100%). 



EXAMPLE 14 



10 



2-Butyt-4-dimethytamino-5-carboethoxy-1-(2-carboxybiphen'4'yl jmethylimidazole 

The title compound (9 mg. 13%) was obtained by the procedures described in sample 13 (Step B). 
NMR (300MHz. COC3): 0.94 (t.3H), 1.26 (t.3H). 1.42 (m.2H). 1.61 (m.2H). 2.95 (t.2H). 3.14 (s.6H). 4.29 
76 (q.2H), 5.77 {S.2H). 7.19 (d.2H). 7.38 {d.3H). 7.48 (t.l H). 7.60 (t.1H). 7.86 (d.lH). 
FAB-MS: 450 (M + H. 100%). 



20 



25 



EXAMPLE 15 



4^Acetamido-2-butyl'1 -(2'-(tetrazoi-5-y I)bipherv4-yl)'methy iimidazole-S-carboxy lie acid 

Step 1 4-Amino;2^^ 
imidazole 



The title compound was prepared by using the procedures outlined In Example 1 substituting t- 
30 butylglycinate hydrochloride for the corresponding methyl ester in Step C. NMR (300 MHz. CDCI3) B 
7.86 (d. IN). 7.63-7.58 (m. 2H). 7.44 (d. 1H). 7.05 (d. 2H), 6.72 {d. 2H). 5.22 (s. 2H). 2.22 (t 2H), 1.48-1.35 
(m. 2H). 1.34 (s» 9H). 1.22-1.09 (m. 2H). 0.73 (t. 3H). 

35 step 2 4-Acetamido-2-butyi-1'[(2'-(N-triphenylmethyltetra2ol-5-yl)biphen-4*yl)methyl]-^(tert-bu 
imidazole 

The title compound was prepared by using the procedures outlined in Example 5. Step A. 'H NMR (300 
MHz CDCI3) 5 7.86 (d. 1H). 7.52-7.40 (m. 2H), 7.36-7.22 (m. 10H), 7.10 (d. 2H). 6.96 (d. 2H). 5.38 (S. 2H). 
40 2.52 (s(b). 3H), 2.32 (t, 2H). 1 .70-1 .56 (m. 2H). 1 .42 (s. 9H). 1 .35-1 .20 (m. 2H), 0.86 (t. 3H). 

Step 3 4-Acetamido-2-butyl-l-(2'-(tetrazol-5-yl)biphen-4-yl)methylimidazole*5-carboxylic acid 

45 A mixture of the Step 2 material (51 mg) and 85% formic acid (2 mL) was stinred at room temperature 
for 36 hours. Concentration fin vacuo at room temperature) and purification (Si02.^ 35:65:1 
CH2Cl2/MeOH/NH40H) gave the title compound (10 mg) as a solid. FAB MS (M* + 1) = 460. (M* +Na) = 
482; ^H NMR (300 MHz. CDCI3) « 7.63-7.35 (m. 4H), 7.06-6.86 (ABq. 4H). 5.73 (s. 2H). 2.74-2.60 (m. 2H). 
2.02 (s(b), 3H). 1.48-1.22 (m, 4H). 0.83 (t. 3H). 



so 
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2-Butyl^N'methylacetamido)-1-(2'-(tetrazol-5-yl)biphen-4-yl)methylimidazole-5^ 
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Step 1^ 5-(tert-Butoxycarbonyl)-2'butyl>4-(methylamino)-t-(2'-(N«trtph nylmethyltetrazol-5-yl)biphe n-4>yl)- 
methylimldazole ' 

Th title compound was prepared by using the procedures outlln in Example 2, Step A starting from 4- 
5 amino-(5-tert-butoxycarbonyl)-2-*utyl-l-(2'-(N-trlphenylmethyltetrazol-5-yl)biphe 

Step 2 2-Butyl-4>(N-methylacetamido)^^(2'-(tet^azol^5-yl)biphen■4^yi)methyllmfdazol^ acid 

10 The title compound was prepared by using the procedures outlined In Example 15. Steps 2 and 3 
FAB MS (M%1) = 474, (M +Na) = 496; 

»H NMR (300 MHz. CDCb) 6 7.58-7.48 (m. 4H). 7.12-6.88 (ABq. 4H), 5.69 (s. 2H), 3.18 (s. 3H), 2.62 (t 2H) 
1 .90 (s. 3H). 1 .65-1 .50 (m. 2H), 1 .40-1 J28 (m. 2H). 0.89 (t. 3H). 



IS 



EXAMPLE 17 



20 2-Butyl-4'(methylam[no)-1-(2'-(tetrazol-5-yl)biphen-4-yl)methylimidazoie-5-carboxylic acid 

The title compound can be prepared from 2-butyl-4-(N-methylacetamido)-1-(2'-(tetrazol-5-yl)biphen-4- 
yl)methylimidazoIe-5-carboxylic acid by reaction with 3 molar equivalents of dllsobutyl-alumlnum hydride in 
THF at room temperature followed by aqueous workup (extraction from 0.1% aqueous HOAc with EtOAc) 
25 and isolation (Si02. 35:65:1 COzCla/MeOH/NHiOH). Alternatively, the title compound could be prepared 
from 4-methyIamino-5-benzyioxycarbonyl-2-butyl-1-(2'-(N-triphenylmethyltetrazol-5-yl)blphen-4-yl)- 
methylimidazole (mentioned In Example 18, Step 2) by reaction as outlined in Example 18, Step 3. 

30 EXAMPLE 18 



2-Butyl-4-(dimethylaminoh1-(2'-(tetrazol-5-yl)biphen-4-yi)methylImldazole-S-carbox^ 
35 ' ' ~ 

Step 1^ 4-Amino-5-benzyloxycarbonyl-2-butyh1-(2'-(N-triphenylmethyltetrazol-5-yl)biph en-4-yl^ 
methylimldazole ~ 

40 The title compound can be prepared by using the procedures outlined in Example 1 substituting 
benzylglycinate hydrochloride for the conresponding methyl ester In Step C. 

Step 2 4-(Dimethylamino)-5-benzytoxycarbonyl-2-butyh1-(2^(N-triphenyimethyltetr^^^^ 
45 methylimldazole ~ — , 

The title compound can be prepared by using the procedures outlined in Example 3 starting from 4- 
amino-5-benzy loxycarbonyl-2-buty H -(2'-{N-triphenylmethy ltetrazol-5-yl)biphen-4-yl)methylimidazole. A side 
product in this reaction would be 4-methylamino-5-benzyloxycarbonyl-2-butyl-1-(2'-{N- 
50 triphenylmethyltetrazol-5-yI)biphen-4-yl)methylimidazole. 

Step 3 HPi.methyiamino)-2-butyl-1-(2'-(tetrazol-5-yl)biphen-4-yl)methylimidazole-S^arboxylic acid 

55 The title mat rial can b prepared by treating a mixture of 4-{dim thylamino)-2-butyl-5- 
b nzyloxycarbonyl-1-{2-(N*triphenylmethyltetrazol-5-yl)biphen-4-yl)methylimidazole and 5 weight % of 10% 
Pd-C with H2 (at 40 psi) in EtOH for 16 hours, followed by filtration (Celit ) and purification (SIO2. 35 B5-1 
CH2Cl2/MeOH/NH*OH). 
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EXAMPLE 19 



2'Butyl'4'(pyrroiidin-1 -ylH -(2'-(tetrazol-5-yi)-biphen-4-yl)methylimida20ie'5"Carboxyiic acid 
g • — — — , 

Step I 5'Ben2yloxycarbonyl-2-butyl-4-(pyrrolidin-1-yl)-1>(2'-(N-trlphenylmethyft^^^ 
)methylimida2oie """^ ' ~ '■ ~ 

10 The title compound could be prepared by using the procedure outlined in Example 4, Step A starting 

from 4-amino-5-benzyloxycarbonyl-2-butyl-1-(2'-(N-triphenylmethyftetra20l-5-yl)biphen-4-y^ 
methyiimidazole. 



75 Step 2 2-Buty{-4-(pyrroHdin-1-yl)-1-(2^-(tetra2ol-5-yl )b}phen-4-yl)methylimida20le-5-carboxylic acid 
The title compound could be prepared by using the procedure outlined in Example 18. Step 3. 



20 EXAMPLE 20 



Typical Phanmaceutical Compositions Containing a Compound of the Invention 

25 



35 



40 



45 



55 
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The 2-butyI-4-methyI- t-(2'-{tetrazol-5-yl) biph nylH-yl)methyl-1 .4.67-tetrahydroimidazo[4.5-e}-[1 Ah 
diazepine-S.S-dione can be reduced to a No. 60 powder and the lactose and magnesium stearate can then 
be passed through a No. 60 blotting cloth onto the powder. The combin d ingredients can then be mixed 
for about 10 minutes and filled into a No. 1 dry gelatin capsule. 



B: Tablet 

A typical tablet would contain 2-butyl-4-methyl-l-(2'-{tetra2ol-5-yl)biphen-4-yl) methyl-1. 4.6,7- 
tetrahydroimida2o[43-e]-[1»4]diazepine 5.8-dione (25 mg). pregelatinized starch USP (82 mg). micro- 
crystaline cellulose (82'mg) and magnesium stearate (1 mg). 



C: Combination Tablet 

A typical combination tablet would contain, for example, a diuretic such as hydrochlorothiazide and 
consist of 2-butyI-4-methyl-1 -(2'-(tetra2ol-5-yl) biphen-4-yl)methyl-1 .4,6.7-tetrahydrolmldazo[4.5-eH1 AY 
dlazepine-5.8-dione hydrochlorothiazide (50 mg). pregelatinized starch USP (82 mg), microcrystaliine 
cellulose (82 mg) and magnesium stearate (1 mg). 



P; Suppository 

Typical suppository formulations for rectal administration can contain 2-butyl-4-methyl-1-(2'-(tetra20l-5- 
yl)blphen-4-yl)methyl-1 .4.6.7-tetrahydro-lmidazo[4.5-eH1 .4]dlazepine-5,8-dione butylated hydroxyanisol 
(0.08-1.0 mg). disodlum calcium edetate (0.25-0.5" mg). and polyethylene glycol (775-1600 mg). Other 
suppository formulations can be made by substituting, for example butylated hydroxytoluene (0.04-0.08 mg) 
for the disodium calcium edetate and a hydrogenated vegetable oil (675-1400 mg) such as Suppocire U 
Wecobee FS. Wecobee M. Witepsols. and the tike, for the polyethylene glycol. Further, these suppository 
fonmulations can also include another active ingredient such as another antihypertensive and/or a diuretic 
and/or an angiotensin converting enzyme and/or a calcium channel blocker in pharmaceutically effective 
amounts as described, for example, in C above. 



E: Injection 

A typical injectible formulation would contain 2-butyl-4-methyl-1-(2'-{tetrazoi-5-yl) biphen-4-yl)methyl- 
l,4.6,7-tetrahydroimida2o[4.5-eH1i41diazepine-5.8-dione sodium phosphate dibasic anhydrous (11.4 mg) 
benzylalcohol (0.01 ml) and water for injection (1.0 ml). Such an injectible fomiuiation can also include a 
phanmaceutically effective amount of another active ingredient such as another antihypertensive and/or a 
diuretic and/or an angiotensin converting enzyme Inhibitor and/or a calcium channel blocker. 



Claims 

1. Compdiinds having the fomnulae (I) and (la): 
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(I) 



wherein: 
is 

(a)•C02R^ 

25 (b) -S03R^ 

,,(c)_-PQ3R?R^. . 

(e)-S(^NHR9. 
(0 -C0NH0R9. 

30 

(g) QH 
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Ci>CH2 -(^^ 



N— N 



(K) -C0NHKHSd2CF3 



O 

CD -P-R^- . 




(0) -SOaNH-heteroaryl as defined below. 

(p) CHaSOzNH-heteroaryl as defined below. 

(q) -SO2NOCO-R25 

(r) -CH2S02NH-COR25. 

(s) -CONH-S02R25^ 

(t) -CH2CONH-S02R25. 

(u) -NHS02NHCO-R2S. 

(V) -NHCONHSO2R25. 

(w)-S02NHCONHR25. or 

(X) -CONHSOjNHR^ 

wherein: 
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heteroaryl is an unsubstituted. monosubstituted or disubstitut^ five or six m mbered aromatic ring which 
can optionally contain from 1 to 3 heteroatoms selected from the group consisting of O. N or S and wherein 
th substituents are members s lected from the group consisting of -OH, -SH. -Ci-C*-all<yl, -Ci-C4-alkoxy. 
-CF3. halo (CI. Br, F. 1). -rfOa. -CO2H, -C02Ci-C4-alkyl, NH2, NH(Ci-C4-alkyl) and -N(C)-C4-alkyl)2; 
5 and are each independently 
{a)H. 

(b) halo (CK Br, I, F), 

(c) NO2, 

(d) NH2. 

70 (e) Ci-Ci-alkylamino. 

(f) di{Ci -C4-aIkyl)amino 

(g) SO2-NHR3. 

(h) perfluoro-Ci-Ci-alkyl. 

(i) Ci-C4-alkyl. or 
75 (j) Ci-C4-alkoxy; 

R* is 

(a) H, or 

(b) Ci-C4-alkyl: 
R^« is 

20 Ci-Ce-alkyI: 
RS is 

(a) H. 

(b) halo, 

(c) NO2. 

25 (d) Ci-C*-alkyl. 

(e) Ci-C4-acyloxy, 

(f) Ca-Cr-cycloalkyl 

(g) Ci-C4-alkoxy. . 

(h) -C02R^ 

30 (i) -NHSO2CH3, 

(j) hydroxy Ci-C4-alkyl, 
(k) Ci-C4-alkylphenyl, 
(I) Ci-C4-alkylnaphthyI. 
(m) Ci-C4-alkylthio. 
35 (n) Ci-C4-alkylsuifinyl. 
(0) Ci-C4-alkylsulfonyl, 
(p) NH2. 

(q) Ct-C4*alkylamino, 

(r) di(Ct -C4-alkyl)amino. 
40 (s) fluoro Ci -C4-alky 1. 

(t)-C0NH0R3. 

(u) -SO2-NHR3. 

(v) phenyl, 

(w) naphthyl, 
45 (x) furyl, 

(y) perfluoro-Ci-C4-aIkyl. 

(z) C2-C«-alkenyl, or 

(aa) C2-C4-alkynyl; 

'r^ is* 
so (a) Ct-Cs-alkyl. 

(b) C2-C6-aIkenyl. 

(c^ C2-C6-alkynyl. . 

(d) substituted d-Ce-alkyl. substituted C2-C6-alkenyl or substituted C2-6-alkynyi wherein the substituent is 
selected from the group consisting of 

55 (i) hydroxy, 
(ii) halo, 
(lii) amino. 

liv) Ci-C4-alkylamino. 
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(V) di(Ci-C4-alkyl)amino. 

(vi) carboxy. 

(vii) Ci-C4-alkoxycarbony!. 

(viii) C3-C7 cycloalkyi, 
5 (ix) phenyl, or 

(X) naphthyl. 
(e) phenyl, 
(0 naphthyl. 

(g) substrtuted phenyl or substituted naphthyl wherein the substltuent Is selected from the group consisting 
10 of 

(i) halo. 

(ii) Ci-C* alkyi, 
(iil) C1-C4 atkoxy. 
(iv) NO2. 

75 (V) CF3. 

(Vi) SOaNR^R'^ 

(vii) Ci-C4 alkyithlo. 

(viii) hydroxy. 
(Ix) amino. 

20 (x) Ca-Cz-cycIoalkyl. or 
(xi) Cs'Cio-alkenyl. or 

(h) a heterocyclic moiety selected from the group consisting of: 

(i) 2-t)yriclyl. 
(ii) 4-pyridyl. 

25 (ill) 2-pyrimidyi. 

(iv) 6-pyrimIdyl. 

(v) imidazoyi, 

(vi) thiazolyl, 

(vii) indolyl, 
30 (viii) thienyl, 

(ix) furyl, 

(x) benzothienyl, 

(xi) benzlmidazoyi; or 
(i) Cs-Cz-cycloaikyl; 

35 A is read in a clockwise direction and is selected from the group consisting of: 



40 



(a) 




45 




50 
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(c) - C - N - C - C = N- 
il5 



10 



15 

16 nl4 



fS 



6 is 
2° (a) 



(e) - 0 - N - C - CH2-W 



25 -N(CH2)g- 



wherein s is 0 to 5. 

(b) -S(0)x(CH2)s- wherein x is 0 to 2 and s is 0 to 5, 
30 (c)-CH - 

OH 
(D)-g -.or 

(e)-0; 
35 pIsOorl; 
Xis 

(a) -I 

(b) -O-. 

40 (c) -S(0)y- wlierein y is 0 to 2, 

(d) -N-. 



45 



50 



(e) -C N-, 



.(f)-0CH2-. 

(g) -bH2C)-; 

(h) -SCHj-. 

55 (i)-CH2S-. 
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s 

(k) NR3S02. 



10 



(m) -CH = CH-. 
,5 (n)-CF = CF.. 
(0) -CH = CF.. 
(p) -CF^CH-, 
(q) -CHzCHa-. 
(r)-CF2CF2-, 

20 



25 



30 



40 



r is 1 or 2; 
q is 0 or 1; 
45 is 

(a) H. 

(b) Ct-Cc-alkyl. 

(c) phenyl, or 

(d) benzyl; 
50 Is 

(a) H. or 
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>9 



(j) -NHC-, 

iio 



(1) -C-NH-, 



-9H-pH- or ^ 

CH2 

Or17 
(t) -CH-, 

ocorI^ 

<u) -CH-. 
ljIRl9 

(v) -C-, or 

(w) R20a,^^^^OR21; 



(b) 



_L-0-P-R^a. 



R^ and R^° are independently 
(a)H. 
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(b) Ci-C6-alkyL ■ 

(c) phenyl, or 

(d) benzyl; 
R^^ is 

5 (a) H. 

(b) Ct-C6-alkyl, 

(c) C2-C4-alkenyl, or 

(d) Ci-C4-alkoxy-Ci-C4-alkyl: 
is 

70 {a)CN. 

(b) NO2. or 

(c) C02R^ 
R^3 is 

(a) H. 
75 (b) Ci-Cs-alkyI, 

(c) C3-C6-cycloalkyl, 

(d) ally! or 

(e) benzyl; 
Zis 

20 (a) -0-, 

(b) 

-N-. or 



(c) -S(0)k-; 

R** and R'^ are independently 

(a) H. 

(b) Ci-CG-alkyl, 

(c) C2-C6-alkenyl. 

(d) C2-C6-alkynyl. 

(e) substituted Ct-Ce-alkyl, substituted C2-C6-alkenyl. or substituted Ca-Ce-alkynyi wherein the substltuent 
is selected from the group consisting of 

(I) hydroxy, 

(ii) Ci-C*-alkoxy, 

(iii) -N(R*)2. 

(iv) -C0N(R*)2. 
(V) C02R^ 
(vl)OC(0)R^^ 
(vii) guanidino, or 
(vili) Ci-C«-alkylthto. 

(f) phenyl, 

(g) phenyl-Ci-C4-alkyl. 

(h) substituted phenyl or substituted phenyl Ci-Ci-alkyI wherein the phenyl group is substituted with a 
member selected from the group consisting of 

(i) hydroxy, . 

(ii) halo, 

(iii) Ci-Ci-alkyI, 

(iv) Ci-C4-alkoxy, 

(1) heterocyclic Ct*C4-alkyl wherein the heterocyclic group Is a member selected from the group consisting 
of 

.(i)Jmldazolyl, or - 
(ii) Indolyl; 
R^« is . 

(a) M. or 

(b) Ci-Cs-aikyI, 

(c) Ci'C4-aIkyl substituted with hydroxy; 
Vis 
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(a) -0-. or 



(b) 



5 



Wis 
(a)-O-. 



w 



(b) 




or 



(c) -S- 



is 

(a) H. 

(b) Ci-Ce-alkyI; 
R'8 is 

{a)K 

(b) C,-Cs-alkyl. 

(c) Ca-Ce-cycloalkyl. 

(d) aryl, or 

(e) aryl-Ca-: 

wherein aryl is phenyl or substituted phenyl wherein the substituents are members selected from the group 
^ consisting of halo (CI. Br. F. I). -NO2, -CF3. Ci-C4-aII<yI. Ci-C*-alkoxy. -NHa. -NH{Ci-C4-alkyl), N(Ci-C*- 
alkylh. -NHC02-Ci-C4-alkyl. -OH. -CO2H, -C02-Ci-C4-alkyl; 

is 

(a) -NR3R'o. 

(b) -OR'o. 

^ (c) -NHCONH2. 
(d) -NHCSNH2. 



R20 and R2' are independently 

(a) Ci-C^-alkyi. or 

(b) when taken together are -CH2CH2- or -CH2CH2CH2-: 

R22|S 

(a) H. 

(b) C-Cg-alkyl,,. 

(c) Ca-Cs-cyclbalkyI, 

(d) Ci-Ci-acyl. 
( ) b nzyl. 

^ (f) phenyl, or 
(g) ailyl: 
Qis 

(a>-N{R2*)CO-R2«, 



3S 




40 




45 
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(b) -NHCOR26. 

(c) -N(R2*)S02R2«. 

(d) -NHS02-Ci-C4-aIkyI. 

(e) -N(R*)R2^ 
5 Tis 

(a) -CO2R23. 

(b) -CONHSO2R2S, 

(c) -CONR*R27 

(d) -CN. 

10 (e) tetrazol-5-yl; 
R23 is 

(a) H. 

(b) Ci-Cs-alkyI; 
R2* is 

;5 (a) Ci-C6-alkyl, 

(b) aryl, or 

(c) aryl-CH2- wherein aryl is as defined above: 
R2S is 

(a) aryl as defined above, 
20 (b) heteroaryl as defined above, 

(c) C3-C7-cycIoalkyl. 

(d) Ct-C4-alkyl optionally substituted with a substitutents selected from the group consisting of aryl as 
defined above, heteroaryl as defined above. -OH. -SH, Ci-C4-alkyl, -0(Ci-C4^aIkyl). -S(Ci-C4-alkyl), CF3. 
halo (CI. Br. F. I). -NO2. -CO2H. C02-Ci-C*-alkyl. -NH2. -NH(Ci-C4-alkyl), -N(Ci-C4-alkyI)2. -PO3H. -PO- 

25 (0H)(OCi-C4-alkyI); 

(e) perfluoro-Ci-C4-alkyl; 
R2« is 

(a) Ci-C4-alkyl optionally substituted with aryl as defined above. -N(R*)2. -NC02R^^ or -CO2R*. 

(b) perf1uoro-Ci-C4-alkyl, 
30 (c) aryl as defined above. 

(d) -N(R*)2. 

(e) Ca-Cs-cycloalkyI, or 

(f) 



Z vtiere Z Is as defined abovo; 



(g) heteroaryl as defined above; 
R27is 

(a) H, 

(b) aryl as defined above, or 

(c) Ct-Cfi-alkyI optionally substituted with aryl as defined above, -OH. -C02R*, or -N(R*)2; and, 
the pharmaceutically acceptable salts thereof. 

2. A cornpound of Claim 1 of formula (II): 
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5 



10 



IS 



20 • 




wherein: 
R' fs 

25 

(a) carboxy, 

(b) Ci-Ci-alkoxycarbonyl. 

(c) -NHSO2CF3, or 

30 




I 

H • 

35 

(e) -P0(0R^)R3. 

(f) -PO(OR3)2. 

(g) -S02NH-heteroaryl, 

40 (h) -CHaCOaNH-heteroaryl, 

(i)-S02NH-COR». 

G) -CH2SO2NH-CO-R25, 

(k) -CONH-SO2R25. 

(I)-CH2CONH-S02R2S. 
45 (m) -NHS02NCHO-R25 . 

(n) -NHCONHSO2R25, 

(0) -SO2NHCONHR25; 

R^ and R^ are independently 

(a) hydrogen. 
50 (b) Ci-C4-alkyl.or 

(c) halo; 

R* and R^ are independently 

(a) hydrogen, 

(b) Ci-Cc-alkyl. 

55 (c) C 1 -Ce -alkoky . or 

(d) halo; 
R« is 

(a)Ci-C6-alkyl. 
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(b) Ci-CG-alkenyl 

(c) Ci-C^-alkoxy-Ci-Cc-alkyl. 

(d) Ci-C^-alkylthlo-Ct-Cc-alkyl. 

(e) Ci-C4-alkoxy-Ci-C6-alkenyl, or 
5 (f) Ci -Ci-alkylthlo-Ci -Ct-alkenyl; 

B is -S-; 
p is 0 or 1; 
Xis 

10 (a)-l-. 

(b) -S- Of 

(c) -OCH2-: 
q is 0 or 1; 

R^* is H; , , 

15 R^s IS 

(a) H. 

(b) Ct-C€-alkyl. 

(c) substituted Ci-Cs-alkyI wherein the substituent is selected from the group consisting of 
0) hydroxy, 

20 (ii) amino. 

Oil) guanidino. - 

(iv) Ci-C*-alkylthlo. 

(v) carboxy, 

(vi) carboxamido. 
25 (vii) Ci-Ci-alkoxycarbonyl, or 

(viii) 
Q 

O C R9 wherein R^ is H, Ci-Cc-alkyl. or phenyl 

(d) benzyl. 
30 (e) 4-hydroxybenzyl. 

(f) 3-indolylmethyl. 

(g) 4-imida20lylmethyl. or 

(h) phenyl; and 
R^6 is Hor Ci-C4-aikyl 

35 Y is 
(a) -0-. 

(b) 

40 




3. A compound of Claim 2 wherein: 
R2. R3, R* and R^ are hydrogen; p and q are zero; 
W Is 
45 (a) carboxy, 

(b) Ci-Ci-alkoxycarbonyl, 

n 

// \\ 

^ (c) ^^^y^ 

N 
I 



55 Rs Is Ci-Cc-alkyI; 

R^5 and R'^ are ach hydrogen; and. 
Y Is -NH-. 

4. A compound of Claim 1 of formula (lit): 
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wherein is: 

(a) carboxy. 

(b) Ci-C4-alkoxycarbonyl, 

(c) -NHSO2CF3, or 

(d) 




(e) -SOaNH-heteroaryl. 

(f) -CH2C02NH-heteroaryl. 
^ (g) -S02NH-CO-R25. 

(h) -CO2SO2NH-COR25. 

(i) -C0NH-S02R^, 

0) -CH2CONH-SO2R25. 
(k) -NHS02NHCO-R25, 
^ (l)-NHC0NHS02R^. 
(m) -SO2NHCONHR2S. or 
(n) -CONHSO2NHR2S; 
R2 and R^ are independently 
(a) liydrogen. 
{b)CiC*-alkyI.or 

(c) haJo; 

* R^ and R^ are independently 

(a) hydrogen. 

(b) Ci-Cc-alkyI, 

^ (c) Ci-Cs-alkoxy. or 

(d) halo; 

R« is (a) C-Cs-alkyI, 

(b) Cf^-alkenyl. 

(c) Ci-C4-alkoxy-Ci-C6-afkyi, 
®^ (d) Ci -C4-alkytthio-Ci -Cs-alkyl. 

(e) Ci-C4-alkoxy-Ci-C6-alkenyl. or 

(f) Ct-C4-alkylthio-Ci-C6-alkenyl; 
Bhs -S-. 
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p is 0 or 1: 
Xis 



5 (a) - C 

(b) -S- or 

(c) -OCH2-; 
qisOorl; 
R'* is H: 

10 is 

(a) H. 

(b) Ci-Ce-alkyl. 

(c) substituted Ci-Ce-alkyI wherein the substituent Is selected from the group consisting of 
hydroxy, 

75 (ii)amino, 

(iii) guanidino, • » 

(iv) Ci-C4-alkylthlo, 

(v) carboxy, 

(vi) carboxamldo. 

20 (vii) Ci -C4-alkoxycarbonyl. or 
(vill) 

ol wherein is H. Ci-Cc-alkyl, or phenyl 

(d) benzyl, 

25 (e) 4-hydroxyben2yl, 

(f) 3-indolylmethyl, 

(g) 4Hmidazolylmethyl. or 

(h) phenyl; and 

R^« Is H or Ci-C4-alkyl 



5. A compound of Claim 4 wherein: 
R2, R3, R* and R^ are each hydrogen: 
p and q are each zero; 
^ W IS 

(a) carboxy. 

(b) Ci-C4-aikoxycarbonyl, 



30 Y Is 
(a) -0-. 



(b) 




-N- 



35 



(c) 



45 








50 



R^ is Ci-Cs-alkyI; 

R^^ and R^^ ar each hydrogen; and. 
55 Y is -NH-. 

6. A compound of Claim 1 of formula (IV): 
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O 



,15 



5 



>14 



10 




15 



CIV) 



20 



wherein: 
is 

(a) carboxy, 

(b) Ct-Ci-alkoxy carfoonyl, 
25 (c) -NHSO2CF3, or 



R2 and are independently 
35 (a) hydrogen. 

(b) Ci-Ci-alkyi. or 

(c) halo; 

R* and R^ are independently 
(a) hydrogen. 
^0 (b) Ci-CG-alkyl. 

(c) Ci-Ce-alkoxy. or 

(d) halo; 
R^ is 

(a) Ci-CG-alkyl. 
45 (b) Ci-Cg-alkenyl. 

(c) Ci-Cft-alkoxy-Ci-Ce-^kyl, 

(d) Ci-C4-aIkyllhio-Ci-C6-alkyl, 

(e) Ci-C4-alkoxy-Ci-C6-aIkenyl. or 

(f) Ci-Ci-alkyfthio-Ci-Cs-alkenyl: 
so R3 is 

(a) H. 

(b) Ci-C6-alkyl. 'or 

(c) phenyl . . 
B is -S-: 

S5 pIsO r 1; . 
Xis 



(d) 



30 



N; N 



I 



H 
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(b) -S- or 

(c) -OCH^.,. 
qisOorl: 
R'* is H; 

Is 

(a) H. 

(b) Ci-Cfi-alkyl. 

(c) substituted Ci-C6-alkyl wherein the substituent is selected from the group consisting of 

(i) hydroxy. 

(ii) amino. 

(tii) guantdino, * » 

(iv) Ci-C4-alkylthio, 

(v) carboxy, 

(vi) carboxamido, 

(vil) Ci'C4*alkoxycarbonyl. or 
(vili) 



O C wherein R^ is H. Ci-Ce-alkyl. or phenyl 

(d) benzyl, 

(e) 4-hydroxybenzyl, 

(f) 3>indolylmethyl. 

(g) 4-imidazolylmethyi, or 

(h) phenyl; and 

R^^ isHorCi-Ce-alkyl. 

7. A compound of Claim 6 wherein: R^, R^, R* and R^ are each hydrogen; 
p and q are each zero; 
R^ Is 

(a) carboxy, 

(b) Ci-C4-alkoxycarbonyl, 



R* and R3 are each.CrCs-alkyI; and, 
R'5 and R^^ are each hydrogen. 

8. A compound of Claim 1 wherein A is absent, R^, R^. R^ and R^ are hydrogen; p and q are 0; R^ Is 
carboxy or tetrazole; R* is Ci -€-alkyl; and. r is 1. 

9. A pharmaceutical composition useful in the treatment of hypertension which comprises a pharmaceu- 
tically acceptable carrier an a pharmaceutically effective amount of a compound of Claim 1. 

10. The composition of Claim 9 which Includes an antihypertensive or a diuretic or an angiotensin 
converting enzyme inhibitor or a calcium channel blocker which are members selected from the group 
consisting of: 

amiloride, atenolol, bendroflumethiazide, chlorothalldone, chlorothiazide, clonldine, cryptenamine acetates 
and cryptenamide tannates. deserpidine. diazoxide, guanethidene sulfate, hydralazine hydrochloride, 
hydrochlorothiazide, metholazone, metoprolol tartate, methyclothiazlde, methyldopa, methyldopate hydro- 
chloride, minoxidil, pargyline hydrochloride, polythiazide, prazosin, propranolol, rauwolfia serpentina , rescin- 
namine, reserpine, sodium nitroprusside. spironolactone, timolol maleate, trichlormethiazide, trimethophan 
camsylate, tienzthiaztde. quinethazone. ticrynafan. triamterene, acetazolamide. aminophylline. cyclothiazide, 
' thacrynic acid, fufosemide. merethoxylline procaine, sodium ethacrynate, captopril. delapril hydrochlorld , 
nalaprit, erialapriiat fbsinopril sodium, iisinopril, pentopril, quinapril hydrochloride, ramaprit. teprotide. 
zofenoprir calcium, diflusinai. diltiazem. felodiptne, nicardipine, nifedipine, niludipine. nimodipine. nisoldipirYe. 
nitrendipine, as well as admixtures and combinations thereof. 

11. An ophthalmalogical formulation for th tr atm nt of ocular hypert nsion comprising an oph- 
-thalamologically acceptable carri r and an effective ocular antihypertensive amount of a compound of claim 
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